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@ AdmnomeduHia 

@ According to the present ^enfton, adrentmeckiHin wNoh is a novel pep^de having a hvpotenslve 
effect; proadrenomedullln N-tenmlnal 20 peptide (proAM-N20} conresponding to an amino add 
sequence of an N-temilnus of proadrenomedullln, having a catecliolamine secretion tnhtbltory effect ; 
proadrenomedullin N-terminal 10-20 peptide {proAM-N(10-20» having a Na channel Inhibitory effect, 
and a gene encoding these peptides are provided. In addition, according to the present Invention, these 
peptides in a sample containing adrenomdullin or pmAM-N20 in an unknown ^nour^ can c^ntiied 
by using an antibody against adrenomedullln, proAM-N20, or its fragment. 
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BACKGROUND OF TH£ INVENTION 

1 . Ffeicf of the Invention: 

6 The present invention relates fo adrenomedullin which is a novel peptide having a bypotenshre effecl, and 

proadrenomedullin N4emiinal 20 peptide (hereinafter referred to as the "proAM-N20") having a catecholamine 
secretion inhibitory effect and proadrenomeduflin N-termlnal 10-20 peptide (hereinafter refeired to as the 
VoAM-N(10-20)") toHng a Na channel kthlbftory ieffet^, both of the proad-enomedullin N-tertnhat peptides 
being part of a proprotein of adrenomedullln* More particularly, the present invention relates to adrenomedullin 

io which can be purified from human phenochromocytoma {hereinafter referred to as "human PC"); structure! 
genes of adrenomedulffn, proMfl-Nao and proAM-N(10-20); adrenomeduflrn and its proprbteins encoded by 
the structural genes; expression vectors having the structural genes; transformants having the expression 
vectors; pioductlon methods for adrenom^ullin, proAM-N20 and proAM*N{10-20} by using the transformants; 
an antibody agafnst adrenomedullin or proAM-N20; an assay for quantifying adrenomedullin or proAM-N20 rn 

IB a sample by using the antibody; and peptides useful in the preparation of the antibody and in the assay. 

V 

2. Description of the Related Art 

Mammalian circulation is regulated by subtle mechanisms Involving several neural and honnr^onal factors. 
20 Vasoactive peptides such as brain natriuretic polypeptide (BNP), atrial natriuretic polypeptide. (ANP) and en- 
dothelin are known as ]nH)onant regulators h the cardiovascular sysl^. It Is asstmed that BNP and ANP par- 
ticipate in blood pressure regulation and electrofyte metabolism regulation. 

In order to clarify the intrfcacles of circulation, it Is important that still unidentified vasoactive peptides be 
discovered. Especially, hypotensive peptides are dested whkih are useful in diagnosis and treatment of hy-* 
25 pertensive hypercardia and cardiac failure. 

SUMMARY OF THE INVENTION 

The peptide of this Invention cdmpnses an amino acid sequence fnm Ser in the 13 position to Tyr In the 
30 52 position of SEQ ID No. 1 and has a hypotenshre effect. 

In one embodiment^ the peptide comprises an am^o acid sequence from Tyr in the 1 position to Tyr In the 
52 position of SEQ ID No. 1 

In one embodiment, the peptide compnses an amino add sequence from Ala In the -73 position to Tyr in 
the 52 posiUpn of SEQ ID No. .1 . 
35 In one embodiment, the peptlcte consists of an amino ^id sequence from Ser In Hie 1 3 position to Tyr In 
the 52 position of SEQ ID No. 1 . 

In one embodiment, the peptkJe OMislsts of an amino acid sequence from Tyr In the 1 position to Tyr k\ 
the 52 position of SEQ ID No. 1 . 

In one embodiment, the piBptlde consists of an amino acid sequence from Ala in the -73 portion to Tyr in 
40 the 52 position of SEQ ID No. 1, 

In one embodiment, the carboxyl terminus of the peptide is amidated. 

tn one embodiment, Gly is attached to the carboxyl terminus of the peptlcte. 

in one embodiment, the peptide comprises an amino acid sequence from Met In the -94 position to Leu 
in ^e 91 position of SEQ ID No. 1. In this arnino add sequence, the sequence from Met In the -94 position to 
46 Thr in the -74 position seems to be a signal peptide. 

In one embodiment, Cys In the 16 position and Cys In the 21 posjitlon of SEQ ID No. 1 are linked by a dis- 
ulfide bond. 

In one embodiment, the disulfide bond which Is linked between Cys in the 16 position ^d Cys in th& 21 
position of SEQ ID No. 1 is substituted with a -CH2-CH2- bond. 

BO Alternatively, the peptide of the present invention comprises an amino acid sequence fifom Gin in the 3 
position to Arg in the 12 position of SEQ ID No. 1 , and generates an antibody for recogniz^g an amino add 
sequence from Tyr In the 1 position to Tyr in the 52 posffion of SEQ ID No. 1 , Examples of such a peptkle indude 
a peptide consisting of an amino acid sequence from Glh in the 3 position to Arg in the 1 2 position, and a peptide 
consisting of an amino add sequence from Tyr In the 1 position to Arg in the 12 position of SEQ ID No. 1 . Such 

S5 a peptide corresponds Io the N-teriTHnal sequence of matim adrenomeduHih and Is ireful In the preparation 
of an antibody and In an assay using the antibody. 

Alternatively, the peptide of the present invention comprises an amino add sequence from He in the 47 
po^tlc»i to Tyr in the 52 posltbn gf SEQ ID No. 1, and generates an antibody for recognizing an amino ackt 
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seqtjence from 8er in the 13 position to Tyr In ih^ 52 portion of SEQ ID No. 1. Examples of stjch a peptide 
fnctude a peptide consrstir^ of an amino acid sequence from lie In the 47 position to Tyr in the 52 i:K>sltlon of 
SEQ ID No, 1, a peptide consisting of an amino acfd sequence from Ser in the 46 position to Tyr in the 52 
position of SEQ ID No, 1 , and a peptide consisting of an amino acid sequence from Asn in the 40 position to 

5 Tyr In the 52 position of SEQ ID No. 1* Such a peptide con*esponds to the Oterminal sequence of mature adre- 
nomeduirrn and is useful in the preparation of an antibody and in an assay using the antibody. 

In one embodiment, the carboxyl terminus of the peptide corresponding to the C-termtna! sequence of ma- 
ture adrenomeduKin Is amtdated. 

Stilt another peptide (proAM-N(10-20)) of the present invention comprises an amino acid sequence from 

10 Arg In the -64 portion to Arg In the -54 position of SEQ ID No. 1 and has a Na cliannei Inhib^ory effect An 
e)cample of such a peptide Includes a peptide {pr6AM-N20) comprising an amino acid sequence from Ala in 
the -73 position to Arg in the -54 position of SEQ ID No, 1 and having also a catecholamine secretion inhibitory 
effect Such a peptide corresponds to the N-terminal sequence of proadrenomedullin. 

In cme onbodiment, the carboxyl terminus of the N-termfnal peptide of proadfenomeduilin ^ amidated, 

IB In one embodiment, (My is attached to ttie carboxyl terminus of the N-terminal peptide of proadrenome- 
dullin. 

Alternativefy, the peptide of the present Invention comprises an amino acid sequence from Trp In the -61 
position to Arg in the -54 position 6f SEQ ID No. 1, and g^erates ah antibody recognizing an amino acid se- 
quence from Ala in the -73 position to Arg in the -54 position of SEQ ID No. 1. Examples of such a peptide 
20 Include a peptide consisting of an amino acid sequence from Trp in the -61 position to ^g in the «54 posftion 
of SEQ ID No. 1 and a peptide consisting of an amino acid sequence from Phe in the -65 position to Arg in the 
-54 position of SEQ ID No. 1. Such a peptide corresponds to the 0-lerminal sequence of proAM-N20 and Is 
useful ^ the preparation of an antibody and in an assay udng the anybody. 

In one embodiment, the carboxyl ternnnus of the peptide oomsponding to the C-terniln^ sequence of 
25 proAM-N20 is amidated. 

Alternatively, at least one of the amino acid sequences forming the peptide of the present invention can 
be labeled. 

Alternatively, the peptide of the present invention further comprises Tyr labeled wifli a radbacUve Isolt^e 
which Is attached to any of the above-mentioned peptides. 
30 The DNA sequenpe of the present invention encodes any of the £ibove-mentioned peptides. 

In one embodiment, the DNA sequence comprises a base sequence from A in the 4B3 position to Cin the 
602 position of SEQ ID No. 1. 

In one embodiment, the DNA sequence comprises a base sequence from A In the 483 position to C in the 
605 position of SEQ ID No. 1 . 
35 in one embodiment> the DNA sequence comprises a base sequence from T in the 447 position to C In the 
602 position of SEQ ID No. 1. 

In one embodiment, the DNA sec^ence comprises a base sequence from T in the 447 position to C In the 

605 position of SEQ JP Na 1. 

In one embo^rnent, the DNA sequence ccHUprlses a sequence from G in the 228 position to C in the 
40 602positionofSEQIDNo;i, 

I n one embodiment, the DNA sequence cpmprtees a base sequence from G In the 228 portion to C In the 

606 position of SEQ ID No. 1. 

f n one embodiment, the DNA sequence comprises a base sequence from A in the 1 65 position to T in the 
719 pos&lon of SEQ ID No. 1. 
45 In one embodiment, the DNA sequence comprfsee a base sequence from C In Uie 255 posftion to T In the 
287 position of SEQ ID Na. 1 . 

In one embodiment, the DNA sequence cornprtses a base sequence from C in tl^ 255 position to G in the 
290 position of SEQ ID Na 1 

In one embocflment, the DNA sequence comprises a base sequence from G In the 228 position to T In the 
so 287 position of SEQ ID No. 1 . 

In one embodiment, the DNA sequence pomprises a base sequence from G in the 228 position to G In the 
290 position SEQ ID No. 1. 

In one embodiment^ the DNA sequence comprises a base sequence from T In the 264 position to T in the 
287 position of SEQ I D No. 1 , 
55 In one embodiment, the DNA sequence con^rises a base sequence from T in the 252 posltton to T In the 
287 position of SEQ ID Na 1. 

The expression vector of the pre^nt invention has any of the atme-mentk^ed ZMA sequences. 

The tran^brmant of the present invention is obtained by 'ntroductng the e)q»'esston vector Into a host. 
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The production metliod for a peptide of the present invention comprises the steps of: culturfng the trans- 
fornr^ant in a medium; and collecting the generated peptide from the medium. 

in one embodiment, the production method further comprises the step of ^idating the c^rboxyt ferminus 
of the collected peptide. 

5 The antibody of the present invention recognizes any of the ^ove-mentioned peptides* , 

In one embodiment the antibody recognizes an amino acid sequence from lyr In the 1 position to" Arg In 
the 12 position of SEQ ID No, 1 or a portion included tn the amino acid sequence. 

, In m& embodiment, the antibody re<x>gnizes an amino acid sequence from Gin Hn the 3 position to Arg in 
the 12 position of SEQ ID No. 1 or a portion Included In the amino acid sequence* 
10 In one embodiment, the antibody recognizes an amino acid sequence from lie In the 47 positton to Tyr in 
the 52 position of SEQ ID No. 1 or a portion included In the amino acid sequence. 

In one embodiment, the antibody recognizes an amino acid sequence fro^m Ser In the 45 position to Tyr 
in the 52 position of SEQ ID No. 1 or a portion induded in the amino acid sequence. 

In one embodiment, the antibody recognizes an amino acid sequence from Asn in the 40 position to Tyr 
1$ in the 52 position of SEQ ID Mo. 1 or a portion Included in the mnino acid sequence. 

In one embodiment the antibody recognizes an amino acid sequence from Tip in the -61 position to Arg 
in the -54 position of SEQ ID Jsio. 1 or a portion Included in the amino ^cld sequence* 

In one ^rnbodlment, the antibody recognizes an an^no acid sequence from Phe in the -65 position to Arg 
in the -54 position of SEQ ID No. 1 or a portion included in the amino acid sequence, 
20 in one embodiment, the antibody recognizes an amino acid sequence In which the carboxyl group at the 
c^rboxy] fennlnus thereof Is amidated or a pc»rtlon [hcHided tn »ie ahr^no acid sequence, 
in one embodiment, the antibody is a polyclonal antibody or a monoclonal antibody. 
The fmmunologlcal assay for a peptide of the present invention comprises the steps of. incubating a sampi e 
including any of the above-mentioned peptides with any of the above-mentioned antibodies under conditions 
25 for forming an antigen-antibody complex; and quantifying the antigen-antibody complex. 

The vasorelaxant, the vasodilatcH* or the medicament for carcSac failure of the present invention Include 
any of the above-mentloned peptides as an effective component. , 

The kit for an immunological assay of the peptide of the present invention Includes any of the above- 
mentioned antibodies. 
so in one embodiment, tiie kit includes any of the above-mentioned peptides. 

Thus, the fnventkm desorrbed herein makes possible Itie advantages of (1) providing adrencmedullln, 
which is a novel peptide having a hypotensive effect, and a vasorelaxant and a vasodilator including adreno- 
medullin; (2) providing proAI\^-N20, which is a novel peptide having a catecholamine secretion Inhibitory effect, 
and a oatetdiolamlne ^hibitor including pfoAM-N20; (3) provlcHng prQAI^-N(1 0-20) having a Na channel inhib- 
35 itpry effect and a Na channel inhU>ltor Including proAM-N(10-20); (4) |»rovidtng a ya^nrelaxant, catecholamine 
Inhibitor and Na channel Inhibitor useful for the treatment of circulatory diseases such as cardlao faHt^e, car- 
diac infarction and hypertension: (6) providing a DNA sequence encoding adrenomedullih and Its precurson 
(6) providing an e9q>resslon vector having the DNA sequence; (7) providing a transfonmant having the expres- 
sion vector; (8) providing a production method for adrenomeduUni by using the transformant, capable of, if re- 
40 quired, mass-producing adrenomedullin at low cost; (9) providing an antibody against adrenomeduliln or 
proM^-N20; (10) providing a quantifying assay for adrenomedullin in a sampte by using the antibody, which 
' can be used for the diagnosis, the prevention and the treatment of circulatory diseases such as hypertension; 
' (11) providing peptides useful tn the preparatkm of the antibody and in the assay; and (12) providing a quan- 
tifying assay for adrenomecNillin a* FwroAM-N20 which can be used as a tumor marker. 
45 ITiese and other advantages of the present Invention will become apparent to those std lied in the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCI^PTiON OF THE DRAWINGS 

60 Figure 1 shows an amino acid sequence of adrenomedullin derived from human PC of the present Inven- 

tion. Fragments RE1 through RES Indicate fragments obtained by cleavage with arglnylendopeptidase* 

Rgure 2 siiows a comparison between amino acid sequences of adrenomedidlin calved from human PC 
of the present Invention, calcitonin gene related peptide (CGRP)» CGRP II and amytm. 

Figures 3A to 3D show variations in the blood pressure of anesthetized rats caused by a single intravenous 
administration of adrenomedullin of the pr^ent invention or CGRP. 

Figure 4 shows variations of various hemodynamic paramet^s in anestheUzed rats caused by a single 
Intravenous administration of adrenomedullin of the present invention. 



4 



EPO622450 A2 

DESCmPTiON OF THE PREFERRED EMBOPiMENTS 

The pi^ent invenjtors have made various studies to obta'm hypotensive peptides. As a result, they have 
isolated a nov^ hypotensive peptide f rcan human PC and dadf led the pranary structure and the immunological 
5 characteristteof the peptide to accomplish the present inven^on* 

I. Definition: 

Terms used herein to describe the present Invention will be def k>ed as follows: 

10 "AdrenomedulUn" is a novel hypotensive peptide. Especially, human-derived adrenomeduilin provided by 
the present invention indud^ an amino acid sequence from Tyr In the 1 position to Tyr in the 52 position of 
SEQ ID No. 1 of the accompanying sequence listing. Pordne-derived adrenomeduilin Includes an amino add 
sequence from Tyr in the 1 position to Tyr In the 52 position of SEQ ID No. 2 of the accompanying sequence 
iistlng. Adrenomeduilin of the present inventioni however, is not limited to these sequences, but indudes any 

IS anriino add sequence including a conservative modification or defect wNch does not affect the acthfity thereof. 
The Oterminus of adrenomeduilin can be amidated. 

A peptide comprising an amino add sequence from I^et In the ^ position to Leu In the 91 position of SEQ 
ID No, 1 is assumed to be preproadrenomedullin. A peptide, which is obtained by processing the sfgnal peptide 
of the preproadrenomedullin and comprises an amino acid sequence from Ala in the -73 position to Leu In the 

20 91 position of S£Q ID No. 1 , is assumed to be proadrenomedullin. 

"Proadrenomeduilln N-termtnal 20 peptide (proA(yi-N20)" is a novel peptide having a catecholamine se- 
cretion inhibrtory effect Espedatly, human-derived proAiyi-N20 provided by the present Invention consists of 
an amino acid sequence from Ala in the -73 position to Arg in the -54 position of SEQ ID No. 1, "Proadreno- 
medufifn N-terminal 10»20 peptide (proAM-N(10-20})*' is a novel pepiU^ having a Na channel inhibitory effect 

25 Espedally, human-derived proAM-N(10-20) p^o^dded by the present invention consists of an amino add se- 
quence from Arg in the -64 position to Arg iii the ^54 posjtioh of SEQ ID No, 1 ProAM^N20 and proAM-N(10- 
20) of the present invention are not limited to these sequences, but indude any amino acid sequence including 
a conservative modification or defect which does not affect the acthrlty thereof. The Otermini of pioAM-N20 
and proAM-N(1 0-20) can be amidated. 

30 "Amldatlon of the C-teitn!nus" Is one of die modifications of a peptide, in which a COOH group In the 
terminal amino add of the peptide Is changed to CONH2. Some of the biologically active peptides functioning 
in an organism are f irst biosynthesized as a precursor protein having a larger molecular vi^eight The precursor 
protein Is then matured by modification such as the amidation of the C-terrranus. The anMatlon is conduded 
by a C-terminal amidating enzyme worldng on the precursor protein. The precursor protein always incfudes a 

35 Gly residue on the C-temninai side of the residue to be amidated, which ts frequently followed by a basic an^no 
add sequence pair such as Lys-Arg and Aig-Arg on the C-termsial side ^kuno^ J. Biochem,, 61, No. 12, 
pp. 1435-1461 (1989)). 

An ordfliary peptide having COOH at the C-tern^ nus and a O-teminial antidated peptide are herein iBfenred 
to as a peptide |X-Yj and a peptide [X-Y]N!-l2t respectively, wherein X and Y indicate the positions of amino 
40 acids at the beginning and the end of the peptides in the accompanying sequence listing- 

A peptide is "Immunotogically reactive" with an antibody when a specif ic epitppe in the peptide Is recog- 
nized by the antibody, thereby binding to the anttoody. Several methods for determining whether or not a pep- 
tide is Immunologically reactive with an antibCKiy are known in the art Enzyme^^inked Immunosorbent ass^ 
^Ua\) and radioimmunoassay (RIA) are espeds^ly preferred. 

It Methods to be used in the present invention: 

In the present invention, isolation and analytical methods of a protein, a recombinant DNA technology and 
other immunological methods, all of which are known in the art, are used, except otherw^e mentioi^d. 
50 Typical methods which can be used in the present invention are as follows: 

(1 ) Pudf icatkm and strudur^f ar^lysis of adrenomeduilin: 

The derivation of adrmomedullin of the present invention Is not pertlculariy restricted. It can be d^ved 
55 from human PC or porcine adrenal medulla. 

A crude extract from human PC is purified by various types of chromatography to obtain adrenomeduHtn. 
Af raotlon inchiding the dessred adrBnomedullin can be obtalied by nwniU^rlng the activity elevatkm of platelet 
cAMR 
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An assay by monitoring the activity elevation of platelet cAMP has been used to isolate, f rtan human PC, 
biologically active peptides such as vasoactive intestinal polypeptide (VIP) and calclton ill genfe related peptide 
{CCRP) (Kitamura etal., Bioohem. Btophys. Res, Commun., 186, 134-141 (1992)). the^e peptides are known 
to have a potent vasorelaxlng effect, and are considered to bind to a specific receptor on tlie platelet membrane 
5 to increase the intracelMar cAP^ levef . This assay regarded to be a good means b> study blok^icaliy actsv© 
peptides. Therefore^ the present inventors adopted this assay because ft seemed to be a promising method 
to detect a vasoactive peptide In an extract from human PC. tissues. 

StructuBi anafysfs of adrenmiediidlfn purified ae mentioned above is perfonned by using, for example, a 
gas phase sequencer and the liloe* 

iO 

(2) Confirmation of the hypotensive effect of adrenomeduilln: 

The hypotensive dFfect of adrenomeduliin prepared as mentioned above can be confirmed, ftwr example. 
In the same manner as reported with regard to rat brain natriuretic polypeptide (Kita et aU £ur. J, Pharmacol.; 
IS 202, 73-79 (1991)). Specifically, an expeilmentaf animal such as a rat is anesthetized, and dosed with adre- 
nomeduliin by an appropriate method. Then, ttie MochI pressure of the animal Is continuously monitored through 
a right carotid artery caf^et^ connected to a pmssure transducer. The bI<M)d preskires before and after ad- 
ministraitlon of adrenomeduilln aiB compared to confirm the hypotensive ef fed; of adrenomeduliin, 

20 (3) Cloning and sequencing of adrenomeduliin cDNA: 

A cloning and sequencing method for a DNAf ragment including DNA encoding adrenomeduliin of the pres- 
ent invention will now be described. An example of the method for sequencing cDNA encoding adrenomeduliin 
of the present invention is as follo\ft«: A cDNA library (described in detail below) is prepared from total RNAof 
25 human PC. The library is screened by using a probe, thereby obtaining a positive clone, the positive clone is 
titen sequ^ced by the DNA sequencing method* 

(A) Production of a DNA probe: 

30 The cDlsiA encoding adrenomeduliin can be prepared, for example, from human PC as described above, 
A probe for cloning the adrenomeduilln cDNA from a cDN A library derived from human PC !e pmduced as fbl- 
lows; 

A probe can be directly or indirectly produced based upon the peptide sequence at the amino terminus of 
adrenomedi^lin jH^pared as descrg>ed in the above-mentioned item (1)* 

35 In the indirect production, a DNAprfimrf<»*a polymerase chain reaction (PCR) is synthesized, for example, 
based on the amino acid sequence at the amino.terminus. The DNA primer can be used to amplify a template 
for PCR prepared as below to obtain a probe for screening. For the preparation of such a template for PCR, 
CDNA obtained from human PC. where abundant adrenomeduliin is considered to exist can be used. Such 
cC^A can be prepared as fdlows. RNA Is extracted from human PC by the guanldlne thlocyanate method 

40 (Chomc:£ynsld, P. et al.. Mai Biochem., 162, 156-159 (1987)). A primer is annealed with the extracted RNA, 
and then DNA is synthesized from the primer by using reverse transcriptase to provide the desired cDNA. 

Alter nativefy, such a probe can be prepared from DNA encoding adrenomeduliin derived from another non- 
human animal. A method for screening for DNA encoding human-derived adrenomeduliin using such a porcine- 
dffived probe found by the present inverts will be described In detail in the undermentoned examples. 

4$ The probe obtained as above Is labeled to be used in subsequent screensig. 

(B) Screen^ of the litrary: 

The cDNA library is produced from human PC tissues by a method known in the art. The preparation meth- 
od for the cDNA library is described by, for example, Hyunh, V, T. et al,, DNA Cloning Techniques - A Practical 
/^proac^ (IRL Press, Oxford, 1984) and Olcayama and Seng, l^oL Cell Biol (1983) 3; 280-289. 

The cDNA library is screened by using me probB prepared as described in Item (A) under appropriate cor^ 
6\^ons to c^taln a posithre done including oDNA encoding the desir^ adrenomeduilln. 

55 (C) Sequencing of d!>NA: 

The insert of the desired recombinant plasmid, i.e., the po^trve done, oblauied in the item (B) can be se- 
quenced as follows. The insert is deaved at a reshlctlon enzyme recognltlcm site present therebi. Each of the 
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cleaved DNA fragments fs sybctoned tnfo an appropriate sequence vector. Ibrex^pte, BlueScripi Then, the 
base sequence of the cloned fragment is determined by using, for example, an automated DMA sequencer by 
the dyeprimer cycle sequencing method or the dtdeoxy cyde sequencing method, thus, the base sequence 
of the entJre fragment is determined. 

5 

(4) Production of adrenomedulHn, Its precursor protein^ proAM-N20, its fragment for preparing an antibody 
and proAM-N(10-2P); 

AdrenomeduHin, its precursor protein. pro^-N20, its fragment for preparing an antibody and proAM- 
10 N(10-20) can be produced by various methods including recombinant technology and the chemical synthesiz- 
ing method. In the recombinant technology, DNA sequences encoding adrenomedutlin, Its precursor protein, 
proM/l"N20, Its fragment and pmAM-N(10-20) are expressed by using various recombinant systems. An ex- 
pression vector Is constructed and a transformant having an appropriate DNAsequence is produced by loiofwn 
methods in the art. Expression can be conducted in a procaryote or an eucarycrte* 
IS Examplesof a procaryote host include Exoli, Bacillusand other bacteria. When such procaryote isahost, 
a plasmtd vector having a replication site and a contrd sequence compatible with the hdstis used. For example^ 
Exoil is typically transformied with a derivative of pBR322, which Is a plasmtd derived from E.ooH. The conttol 
sequence herein Indudes a promoter for Initiation of transcription, an operator If necessary, and a libosome 
binding site. Such a control sequence includes generally used promoters such as p-lactamase and lactose pro- 
m mo&ers (Chang et aL, Nature, (1977) 1 9B, 1 056), tryptophan promoters (Goeddel et aL, Nudeic Acids Res., 
(1980) 8, 4057), and Pt promoters derived from K phage and N-gene ribosome binding sites (Shimatake, Na- 
ture, (1981) 292, 128). 

An example of an eucaryote host includes yeast When such eucaryote Is a host, a ptasmid vector having 
a replication site and a control sequence compatible with the host is used. For example, yeast is transformed 

ss wfth pYEUra3 (aontech)^ The other useful prom<kers in a yeast host indude, for example, promoters for syn- 
thesizing a glycolytic enzyme such as a promoter for synthesizing 3-phosphogtyo^ate kinase (Hitzemaji et 
al., J. Bio!. Chem, (1980) 255, 2073). Further, promoters derived from an enolase gene or those derived from 
a Leu2 gene obtained from YEp13 can be used. 

Example of an appropriate mammalian promoter Include mefellothioneln, an early or late pronioter derived 

30 from SV40, and other y^s promoters such as those derived from polyoma virus, actenovlrus II, bovine papil* 
!oma virus and avian sarcoma virus* 

A transformant can be obtained by introducing an expression vector into appropriate host cells. A desired 
peptide such as adrenomeduilfn, its F»^ecursor protein, proAiW-N20, Its fragment and proAM-N(10-20) can be 
obtained by cuttunng the transfomnant under appropriate conditions. 

35 A O-terminai amidated peptide Is prepared by one of the foHowlng. A carboxyi group at the O-ternr^nus of 
a peptide obtained by an expression In a host is chemically amidated; or a peptide is first prepared so as to 
have Gly attached to the Otermlnus of the desired peptide, and Is then allowed to react with the above- 
mentioned O-terminat amidating enzyme for amidaticMi. 

The above-mentioned peptides, such as adrenomedullin. can be chemically synthesized by a methckl 

-«? knov/n in the art For example, they can be synthesized by the solid phase method by using a peptide syn^ 
the^zen The C-termlnal amidated peptide can be synthesized by using a peptide synthesizer as follows. First, 
an amino acki corresponding to a C-termln^ an^no acid Is bound to a benzhydr^ amine resin. Thenra con- 
densatbn reaction Is performed by binding to the N^eimlnus of btHind sHfnino acid under standard con- 
densation conditions using DCC/HOBt. This condensation reaction Is repeated so as to obtain the desired ami- 

46 no acid sequence. The desired peptide fs cut out from the resultant peptide resin by a general cleavage method 
(trif iuorcnnethanestifonlc acid miathod). 

Adisulfide bond can be linked, for example, by oxidizing the peptidewSth ab-or another f^propriate oxidant. 
The disulfide bond can be substituted with a -CH2-CH2- bond by a known method (O. Keller et aL, Hetv, Chim* 
Acta (1974) 57:1253). Generally, cleavage in the disulfide bond <^n be avokled by substituting the disulfide 

so bond with a -CHrCHa- bond resulting In obtaining a stable protein. 

(5) Labeling of adrenomedullin, Its precur^r protein, proAM-N20t its fragment for prepaiing an antibody, 
and proAM-N(10-20): 

65 The adrenomedullin, Its precursor protein, proAM-N2Dt its fragmentfor r^epsarfng an antibody, and proAM- 
N(10-20) can be labeled with a radioacthre isotope, an enzyme, a fluorescent material, or the like. These lab- 
eltngs can be conducted by methods known to those skilled In the art. 

Examples of the radioactive isotope to be used for labeling include ^^C, ^H, ^^P and ^^^1, among which 
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is preferred. These radioactive isotopes can be labeled to the peptide by a cNoramine T rriethod, a perox- 
idase metiiod, an Mogen method, a Bdtoti-Hunter method* or the tike. 

Examples df the i^nzyme to be used for fabling Include hors^dlsh peroxklase, bovine mucosa alkaline 
phosphatase, and E. coli p-galactosfdase. 
5 Examples of the f fuorese^nt nr^aterial to be used for labeling fricKfde f luoi^scamlhe, fluorescein, fluores- 

celnlsothfocyanate, and tetramethylrhodamine Isothiooyanate* 

The labeled peptide Is useful as a tracer or for an Immunologics! as^ay descn'bed below, 

(6) Immunological assay for adrenomeduilki, its fragment, and proAM-N20: 

10 ■ ■ 

The f mmunofogical assay in the present Invention can be used for quantifying an antigen in a sample. Ex- 
amples of the Immunologfcal assay Include a method In which an antigen tal>eled with a radioactive isotope, 
an enzyme* or a fluorescent material and an unlabeled antigen are competitively reacted wNii an antibody. Ah 
immunoassay with tv^o antibodies and a sandwich techniques can also be used: In the immunoassay with two 

iS antibodies, an antigen Is immobilized on a solid phase such as a micropiate or a plastic cup, incubated with a 
diluted antiserum or a purified antibody* and further incubated with an antiimmunoglobulin labeled with a ra- 
dioactive Isotope, an enzyme, or a fluorescent material, thereby obtaining a labeled binding substance. In the 
sandviich technique, an antibody Is immobilized on a solid phase, Incubated wltii an antigen, and further in- 
cubated with an antibody labeled with a radioactive Isotope/an enzyme, or a fluorescent material, thereby ob- 

20 tainlng a labeled binding substance. Examples of the radioactive isotope to be used for labeling Include ^P, 
^H, ^^G, and "^^H among which ^^1 is preferred. The enzyme to be used for label ing is preferably horseradish 
peroxidase, bovftie mucosa alkaline phosphatese, and E. coli p-galactostdase. Among them, horseradish per- 
o)dda8e Is Inreferably used* Examples of the fluorescent materlsJ to be used for labeling foducte fluoresceNil- 
sothiocyanate and tetramethylrhodamine Isothiocyanate. However, the radioactive isotope, the enz^^, and 

25 the fluorescent material are not limited to those described herein. 

Specifically, a peptide such as adrenomeduHin, proAM-N20, or Its fragment is used as an immunogen. 
Suc^ as immunogen indudes: a peptide comprising an amuio acid sequence, for example, from Qln in the 3 
position to Arg in the 12 position, from Tyr in the 1 posltlm to Arg in the 12 position, from lie in the 47 position 
to Tyr in the 52 position, from Ser in the 45 position to Tyr in the 52 position, or from Asn in the 40 position to 

30 Tyr In the 52 position of SEQ ID No. 1; a peptide which includes any of the above-mentioned amino acid se- 
quences and can generate an antibody for recc^nlzlng adrenomeduHin; a peptide oonr^rising an amino acid 
sequence from Trp in the -61 position to /sxg in the -64 position or from Phe in the -65 portion to Arg in the - 
54 position of SEQ ID No, 1 ; a peptide which includes any of these amino acid sequences and. can generate 
an antibody for recognizing proAM-N20; and any of these peptides combined with bovine thyroglobulin and 

35 the like. By using such an immunogen, an animal such as a mouse, a rat» a rabbit, a fowrt. and a goat Is im- 
munized to prepare an antibody derived from the serum of the anknal, Alt^natlvely, ^ cell from tl^ spleen of 
the animal is fused with a cell such as a myeloma c^l to produce a hybrkioma, from which a morK>cit»nal 
tibody is produced. 

Next, a kiiown concentration of an unlabeled antigen and a polyclonal or monoclonat antibody derived from 
^ the serum are added to a predetermined amount of a labeled peptide including the same kind of antigen as 
that used in the imipunizatbnt thereby causing an antigen-anttbody competitive reaction. The fabled antigen 
bound to ^e antibody is separated from the labeled antigen not bound to the antibody by an appropriate meth- 
od. The radioactivity or the enzyme activity of the labeled antigen bound to the antibody Is then measured. 
This procedure is repeated with vailous concentrations of the unlabeled antlg^. As the C(»r)C8ntratkm of the 
4S unlabeled antigen Is increased, the amount of the labeled antigen bound to the antibody is decrea^d. The 
relationship between them is plotted into a graph to obtain a standard curve. 

Then, a sample Including an unknown concentration of the antigen is added to the above-mentioned re- 
actton ^tem instead of the unlabeled antigen in a known concentration. After the competitive reactim, the 
radloacthrfty, the en^rme actrvUy or the fluorescence Intensity of the anUgen boimd to the antib<Kly Is irieas- 
&> ured. The result of the measurement is ap^led to the st^dard curve to determine the concentratiCHi of tt^ 
antigen in the sample. 

When the sandwich techniques Is us^, two kinds of antibodies against different epitopes of adrenome- 
duHin are first prepared. One antibody fs labeled with a radioactive Isotope, an enzyme, ore fluorescent material 
and the other aritibody is allowed to bind to a solid phase as a solid phase antlt>ody or Is made to be abfe Id 
specifically bind to a ^lid phase. These antibodies are allowed to react v^th arttlgens in various concentrations 
to form a plurality of antigen-antibody complexes. Since the antigen-antibody complexes are bound to solid 
phases, the solid phases are separatedf rom the complexes, and the radb-activrty, the enzyme acthrfty or the 
fluorescence inter^^y in the solid phases is n^asured. The felatN>nship between the radioactivity, the enzyme 
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actMty orthefiuorescence Intensity and the concentration of the antigen ts plotted to obtain a standard curve. 

When a sample including an unknown concentration of antigen is added to the reaction system, the con- 
centration of the ^tlgen can be determined by applying the radioactivity or the enzyme activity measure after 
the reaction to the standard curve. 
5 The antibody used In the assay in the present Invention can be an antibody fragment used in a genmal 

immunologicat assay such as a Fab and a Fab\ 

(7) Conf irrnation of the effect of proAM-N20 on catecholan^ne secretbn: 

10 The effect of proAM"N20 of the present invention on the seo-etlon of catecholamine can be confirmed as 
follows. PfoAM"N20 is added to cultured bovine adrenal medulla ceils for incubation* The resultant is subjected 
to HPLG to measure Uie amount of c^tedK)lamine semted therein. The same proc^ure is repeated with re- 
gard to a control Induding no proAM-N20. V\^en the obtained re$i^ts compared, the €f feet of pfoAM-N20 

can be conf Irnied, 

1$ 

(8) Confirmation of the effect of pro/^-N(1 0-20) on Na channel: 

The effect of proAM-NCID-aO} of the present invention on the Na channel can be confirmed as follows* 
After treating cultured bovine adrenal medulla ceils with proAM-N(1 0-20), the cells are stimulated with carba- 
20 chcA smd the flow of ^Na iiito the cells is measured with HPIO. The same procedt^e is repeated wth regard 
to cells which have not been treated with praAM-N(1 0-20), When ttie obtained resists are comparedt the effecst 
of proAM-N(10-20) can be confinftied, 

(9) Usage and acferinistratron of adrenomedullm, its precursor protein, proAM"N20 and proAM-N(10-20); . 

25 

Adrenomedtillin and its precursor protein of the present invention have a hypotenshre effect and a vaso- 
dliating effecti and therefore, they are useful in the treatment of a disease such as hypertension and cardiac 
incompetence. 

ProM/l-N20 of the pres^ invention has a catechoianlne secretion inhibitory effect, and therefore, it is 
, 30 useful as a catecholan^ne Inhibitor for the treatrr^ent of hypotension and Hie like, 

ProAI\4-N{10-20) of the present invention has a Na channel inhibitory effect, and therefore, it Is useful as 
a Na channel inhibitor for the treatment of hypertension and the jilce. 

Adrencmedullin, its r^recursor iMrotein, proAM-N20 and proAM-N(1 0-20) ctf the pres^ invention can be 
administered in the same manner as used for a conventional peptide preparation described in Remington's 
$5 Pharmaceutical Sciences, Mack Publishing, gston, Pa These peptides can be administered preferably by an 
injection, and more preferably by an intravenous Injection. The dose level of adrenomedullm Is approadnnately 
0.1 nmo! to 3.0 nmol per 1 kg of a patient ' 

AdrenomeduHin« its precursor protein, proAM-N20 and proAM-N(10-20) of th^ present invention can be 
used as medicaments for an intravenous injection or drops for easing the load on the heart in order to improve 
40 cardiac incompetence and the like especially in the acute phase of cardiac infarction. 

The prides In which Oily is attached to the C-termini of adrenom^duflin, its precursor protein, proAy-* 
N2d and proAi\^"N{10-20) can be directiy administered since the carboxyl group at the Otermini of these pep- 
tides Is amldated in an organism due to the function of a Otermln^ amidating enzyme in the organism on Gly 
as m^nticmed above. 

4S' ■ 

Examples: 

The present Invention will now be described by way of examples. 

so [Example 1] 

(PuriUcatlcm of adrenomedullin from hum^ PC) 

Adr'enomeduliin was pi^if led from human PC tis^es resected at sur^y from a norepbiephrine dominant 
55 PC patient In the sanne manner as described by Kitamura et al., Blochem. Blophys. Res. Commun., 185, 134- 
141<1992). 

The purification was specifically performed as follows, The resected PC tissues were finely chopped, and 
boiled in a 4-fold volume of 1 M ac^lc acid for 10 minutes, thereby inactivating the Intrinsic protease* The re- 
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sirltant was cooled and homogenized with a polytron mixer at a temperature of 4°0^ The homogenized sus- 
pension was centrif uged at 20,000 x g for 30 minutes to provide a supernatant. The supernatant wafe subjected 
to aoetone-sedimentation at a concentration of 66%. After removing the sediment, the remaining supernatant 
was condensed wfth a rotary evaporator. The resultant was diluted with water into a double volume and appiied 

5 upon a C-18 silica gel column (270 ml, Chemoo LS-SORB ODS). The materfeils adsorbed on the cdumn were 
eluted with 60% CH3CN containing 0,1% trifluoroacetfc acid (TFA). The eluate was evaporated and appiied 
y pon a SP-Sephadex 0-25 column (HMorm, 2 x 1 6 cm^ Pharmacia) which had been equi librated with 1 M acetic 
acid. Successive ^utkHis with 1 U acetic acid, 2 M pyridine and 2 U pyridine - acetic acid (pH 5.0) result in 
three fractions designated as SP-I, SP-H and SP-III- 

10 The SP-III fraction having more than 90% platelet cAIVIP elevation activity was s^araled by gel filtration 
on a Sephadex G-50 column. The activity assay was identical to the above-mentfoned method described by 
Kitamura et aL Specifically, 25 jil of a sample dissolved in a suspension medium cont€uning 135 mM NaCI, 2 
mM EDTA. 5 mM glucose, 10 mM theof^yiline and 16 mM HEPES <pH 7.6) was incubated at a lemperattm 
of 37**C for 1 0 minutes. Then, 25 nl of washed rat platelets (4.0 x 10^) was added thereto to initiate the reactloiit 

16 and the mixture was incubated for 30 minutes. To the resultant, 160 mM HCI was further added, and the m ixture 
was heated for 3 minutes to stop the reection* The resultant sample was concentrated with a speedvac con- 
, centrator and dlssdved In 100 jil of a 50 mM sodium acetate buffer (pH 6.2). Cycitc AMP In the obtained solution 
was sucdnylated for analysis by cAMP RIA* 

The fraction having the platelet cAMP elevation activity with a molecular weight of 4,000 to 6,000 was fur- 

20 ther separated by the CM ion exchange HPLC on a TSK CM'-2$W column (8.0 x 300 mm, Tosoh). Adrenome- 
duUIn w^ finally purified by reverse ph^se HPLC on a phenyJ oolurrai {4.6 x 260 mm, Vydac) and a txBonda- 
s^ere C-18 column (4.6 x 150 mm, SOOA^ Waters)* 

(Structural an^y^s adrenomeduliin) 

25 

TWO hundred pmdl of ptdf ied adrenomedultin was reduced and S-oarbptxyniethylated (RCM) by a method 
described by KangawaetaL, Biochem. Biophys. Res.Commun. 118. 131-139 (1984). The obtained RCM-adre- 
nomedullln was purified by reverse phase HPLC. Half of the purified RCM-adrenomedullin (1 00 pmof) was sub- 
jected to a gas phase sequence (Model, 470A/1 20A, Applied Biosystems)* The remaining half of the purified 

30 RCM-adrenonnedullln was digested with 400 ng of arglnylendo-peptidase (Takara Shuzo, Kyoto, Japan) in 50 
^ of 50 mM Tris-HCI (pH 8.0) containing 6*01% THton-X 100 at a temperature of 37*C for 3 hours, th^by 
producing peptide fragments RE1 to RE6, These peptide fragments RE1 to RE6 were separated frorh one 
another by the reverse phase HPLC on a semi-micro column of Chemcosorb 3 ODS H (2.1 x 75 mm, Chemco, 
Osaka. Japan), and each of the obtained fragments was sequenced with a gas phase sequencer (Model 

S5 470A/120A, Applied Blosyst^ms) to detennnlne the entire arrnno add sequence of adrenomedugin as shown In 
Figure 1 . Adrenomedullln consisted of 62 arr^no acids and had an Intramolecular <iKsumde bond. Tyr at the C- 
temiinus was found to be amidated because native adrenomedullin [45-621 (i.e., the fragment RE6) was eluted 
atthe same position as synthetic adrenomedullln [45-52]NH2 by reverse phase HPLC. In this manner, the struo- 
tiM^e of adrenornedullln was demonstrated 1^ chromatograr^ic comparison between native adrenomedullin and 

40 synthetic adrenomedullin prepared so as to correspond to the determined sequence of native adrenomedullbi* 
A computer seardi (PRF-SEQDB, Protein Research Foundation* Osaka, Japan) found .no report on the 
same peptide sequence. Therefore, adrenomedullin was confirmed to be a novel peptide having a biological 
activity. The sequence homology of adrenomedullln to human CGRP (MorHs et al„ Nature, 308, 746-748 
(1984)), CGRP 11 (Steenbergh et al., FEBS Lett. 183, 403-407 (1986)) and amylln (Cooper et Proc. NatL 

4S Acad- Sci, U.SA, 84, 8628-8632 (1 987)) was as low as approximately 20% as shown In Figure 2, although 
the sbc residue ring structure with, an intracellular disulfide bond and the C-terminal amidated structure are 
commcm to them all. The 14 re^due amino tehfnlnal e}denslon present in adr^omedullln does not exist In C^RP 
and amylin. 

so [Exaanple 2] 

(Hypc^nsh/e effect of adrenomedullln) 

The hypotensive effect of adrenomedullin was tested by the same method as reported with regard to rat 
55 brain natrlurette potypeptkie (i<ita et sk^ Eur. J- Pharmacol., 202, 73-79 (1991)), Male Wtstar rats (two weeks 
old, 300 g) were anesthetized by an intraperitoneal injection of pentobarbital soditsn (60 mg/k^). The blood 
pressure of each rat was continuously monitored through a right carold artery catheter (PE^O) connected lo 
a Statham pressure trar^uo^ O^odei P231D, Qould), A PE-10 catheter was Inserted into the right Jugular 
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vein In order to administer a maintenance solution and a peptide. After equilibration for at least 60 minutes, 
either C6RP or adrenonteduttln was Sntravenousiy injected to each rat Figures 3A .through 30 ^ow the vari- 
ation in the blood pressure of the rat monitored at the time of the injection of CGRP or adrenomeduilln. Figures 
3A, 3B and 3C indicate the variation caused by the injection of 0,3 nmoiiri<9, 1.0 nmol/{<;g and 3.0 nmol/kg of 

5 adrenomedullin, respectively, and Figure 3D indicates the variation caused by the Injection of 3,0 nmoi/l<g of 
CGRp. The Injected adrenomeckiliin was a peptide consisting of the amino acids 1-52 of SEQ ID No. 1« the G- 
tetminus of which was mldated. 

A single intravenous Injection of adrenomeduilln caused a fast, potent and long lasting hypotensive effect 
in 0 dose dependent iriannen When 3,0 nmol/kg of adrenomedulfin was intravenously injected^ the maximal 

10 decrease in the mean blood pressure was 53 ± 5.0 mmHg (i.e., a mean i: S.E.M., n-4). Such a significant hy- 
potensive effect lasted for 30 to 60 minutes. As Is apparent from Figures 3C and 3D, the hypotensive activity 
of adrenomeduilln was comparable to that of CGRP, which has been reported as one of the strongest vasor- 
elaxants. Accordingly, adrenomeduilln was confirmed to have an effectively long lasting hypotensive effect. 
Next, adrenKHneduliln consisting of the amino acids 13-52 of SEQ ID No. 1 and having the amidated O 

IB terminus was administered to chedc the variation In the blood pressure of the rats. 

The peptide [13-52]NIH2 was synthesized with a peptide synthesizer (Applied Bfosystems, 430A) as fol- 
lows. First, an amino acid con-espondlng to a C-termlnal amino acid, I.e., Tyr In the 52 position* was bound to 
a benzhydryi amine resin. Then, a condensation reaction was performed by binding to the N-terminus of the 
bound amino acid (1.6^ Tyr) uncter standard condensation conditions using DCC/HOBt. This pondensatfon re- 

20 action was repeated so as to obtain the desired amino add sequence. The desired peptide was cutoi^ of the 
obtained peptide resin by the general cleavage method (trf fluoromethanesulfonic acid method), oxidized with 
air or an appropriate oxidant such as potassium ferdcyanide and iodine to form a disulfide bond therein, if neo- 
ess^y, and purified by resrerse phase HPLC* 

When the obtained peptide [13-521NH2 was administered In thesanne msuinerasabcn/e, It exhibited a com- 

25 parable hypotensive effect. 

(Check of heart rate upon administration of adrenomeduilln) 

Maie WIsfer rats each weighing 330 to 390 g were purchased from Charles F^ver Inc. Each of the rats 
3P was anesthetized by an intmperitoneal Injection of pentobarbital sodium (50 mg/lcg). A polyethylene catheter 
(PE-'250} wa^ inserted into the trachea so as to aid breathing. Mean blood pressure (MBP) and teart rate {I4R} 
were m^onltored through a right fermoral artery catheter (PE»50} connected to a Statham pressure transducer 
(Model P231D, Gould) and a polygraph (Modd 141-6, San-Ei). A PE-10 catheter was ir^erted Into the right 
atrium through the light jugular vein. A thermosensor was placed in the ascending aorta through the right ear- 
as otld artery. Under these conditions, cardiac output was measured by the thermodllution method (Model 600, 
Cerdfotherm}* During the measurement, the rat was placed on a heat table so as to maintain the ^eilal tem- 
pmture at 36 to 37°C. 

Each rat was allowed to equilibrate for 46 minutes after the surgery. Then, human adrenomeduliin (10 
nmoi/kg) dissolved in saline {n==8) or the same amount of isotonic saline (n-8) was intravenously Injected to 
. 40 each rat in tiie previpusty performed preliminary test, the vasodepressor respc»ise caused by this amount of 
ach^enomedullln was approximately half of the maximal efficacy. The cardiac output was measured 15 minutes 
before, at the time of, and 2, 5, 10 and 30 minutes after the administration. 

A cardiac Index (CI), a strol<e volume Index (SVI) and a total peripheral resistance Index (TPRI) were cal- 
culated by ttw follQwIng formulae: 
45 CI {nrMnfn. per 100 g of body weight) - cardiac output/100 g of body weight 

SVI (jil/beat per 100 g of body weight) = CI/HR 
TPRI (U'1 00 g of body weight) ^ MSP/CI 
The human adrenomeduilln and peptide used In the above were synthesized by the solid phase method, 
. and Its homology was confirmed by reverse phase HPLC, 
«o Figure 4 Indicates the change with time of MBP, HR, 01, SVI and TPRI when human adrenomeduliin dis- 
solved in saline (shown with closed circle) and saline alone (shown with open circle) were administered to the 
respective rats. Each value Is indicated as a mean ± S.E.M. 

As shown in Figure 4, MBP was significantly decreased 2, 6 and 10 minutes after the administration of 
human adrenomeduilln, and returned to the fnft'^l level after 30 minutes. TPRI was significantly decreased 
56 also 2, 5 and 10 minutes after the administration with a decrease in MSP. To the contrary. Of and SVI were 
Increased, HR was slightly decreased 2 minutes after the administration, but did not change signif Icantly* With 
regi^ U> the rats Injected with saline, CI, SVI, TPRI, MBP and HR remaned unchanged* 
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[Example 3] 

(I^AutlMng aehi&nomedunfn and fragment) 

s (A) RIA utHb:ing an anf foody against a peptide fragment ocmvprfeing the N-tennrnal amino aofd sequence 

of adrenomedtiliin; 

' A pfifptide [1*12] and a peptide 13-1 2] were synthesized by the solid phase method with a peptide synthes- 
izer (Appfled Siosystems, 430A) and purified by reverse phase HPLC. 

Ten mg of the peptide [1-121 snd 20 mg of bovine thyrogiobulin were allowed to conjugate to each other 

10 in 2 ml of 0.1 IW sodium phosphate buffer (pH 7 A) by glutaraldehyde (Miyata et al. Biochem, Biophys. Res. 
Commun., 120» 1030-1036 {1984)). The obtained reaction mixtixre was dialyzed against 50 mM sodium phos- 
phate buffer {pH 7,4)/0,08 M NaCI, and the resultant was used for immunization as described in the above- 
mentkHied paper by Miyata et sd. The immunization was performed by using New Zealand white rafc^its. The 
antiserum obtained from the immunized animals was used in the fotlowing RiA. 

IS RIA for the peptides [1-12] and [3-12] were conducted In the same manner as repbrted with regard to p- 

neo-endorphin (l^mura et aL, Siochem. Biophys. Res. Commun., 103, 966-974 <1?82)), 

Specifically, 100 |4l of the peptld&[1-12] or [3-12} in aknown concentration»€p ^1 of the antiserum obtained 
as above at a dilution of 1:6,000. and 60 |tt of i^cMab^ed iigand (18,(H)0 cpm)t whfcb had been prepared by 
the [actoperoxidase method (Kitamura et al, Biochem. Blophys. Res, Commun., 161, 348-352 (1989)), were 

20 mixed to obtain an RIAreaction mixture. The mbcture was incubated for 24 hours. Then, the labeled ligand which 
we@ bound to the antiserum {hereinafter referred to as the *'bound ligand") was sep^ated from the labeled 
ligand which was not bound to the antiserum (hereinaf t^ referred to as the ^'unbound ligand") by the polyethy- 
lene glycol method. The radioacttvlty of the c^tained pellet was counted v«th a g^nnma counter (ARC-600, Alo- 
ka), and the assay was performed In duplicate at a temperature of 4^*0. By repeating the above procedure with 

25 regard to various concentratipns of each peptide, a st^dard curve was obtained. The standard curves for the 
peptide [1-12] and the peptide [3-12] were identical to each other. Half maximal inhlbitk»n of radioiodlnated lig- 
and binding by the peptide [1-12] or [3-12] was observed at 10 fmol/tube. 

Next, a saniple solution including an unknown concentration of adrenomedulltn was trypslnfeed in 100 {il 
of 0.1 M NH4HCO3 containing 20 \ig of bovine serum albumin {BSA) with 1 \ig of trypsin (Worthington). A re- 

30 action mbcti^e consisting bf 100 pi of the resultant sample solution, 50 tit of the antiserum at a dilution of 
1 :6,000, and 50 \i\ of <25|-iabeled ligand (1 8,(K)0 cpm)* which had been prepared by the lactoperoxidase method 
(Kitamura et at., Biochem. Biophys. Res. Commun., 161 . 348-352 (1989)), was Incubated for 24 hours. Then, 
the bound ligand was separated from the unbound ligand by the polyethylene glycol method. The radioactivity 
of the obtained p^let was counted with the gamma counter {ARC-600, AkAm), ami the assay was perfonned 

35 in dtipHcate at a temperature of 4''C. 

Through the above-descilbed RIA, the antiserum was f<Hind to recognize a peptide, vi^loh was a fragment 
of adrenomedullln produced by digestion with trypsin. Therefore, the peptides [1-121 and l^-i?! wem found to 
be useful in the production of an antibody aga^st adrenomedullln. 

{&} RiA utilizing an antibody against a peptide fragment comprising the C^erminal amino aofd sequence 

40 of adrenomedullln: 

Peptide I1-52]NH2, 113-521NH2, [40-62]NH2, [45-52]NH2 and [45^52J, f47-52]NH2 and |47-62j, and [1*^12] 
Were synthesized by the solid phase method with a peptide synthesizer (Applied Bio^ystems, 430A) and puri- 
fied by reverse phase HPLC- The Oterminai amldated peptides among the above were synthesized with a 
peptide synthesizer as f^lows. FM, an amino acid correspomfing to a CMemiihsrt amino acid, i.e., Tyr In the 
45 52 position, was bound to a benzhydryl amine resin. Then, a condensation reaction was performed by binding 
to the N-tennlnus of the bound amino acid (I.e., Tyr) under standard condensation conditions using DCC/HOBt 
This condensation inaction was repeated so as to obtain the desired amino acid sequences, the desired pep- 
tides were respectively cut out of the obtained peptide restns by the general d^stvage methcMl (trlflucKTome- 
thanesuifonio acid method). 
so A disulfide bond was formed as described above. 

A mbcture of 9,3 mg of the peptide [40-52]NH2 and 10,3 mg of bovine thyroglobulln was dissolved In 0.5 
ml of a saline. To the resultant solution was added 50 mg each of water sc^bie carbodiimkle five times ev^y 
two hours while stining at room temperature. The resultant mbcture was continuously stinred at a temperature 
of 4**C overnight Then* the mbcture was dialyzed five times against 500 ml of a saline and twice against 500 
55 n^ of a sodium phosphate buffer. The obtained djafysate was adjusted to a f k)al volume of 11 ny by adding a 
sodium phosphate buffer to provide an antigenic conjugate solutbn. 

The antigenic conjugate solution {1 .5 to 3 vd) was emulsified w^h an equal vc^ume of complete Freund's 
adjuvi^t A New Zealand white i^blt was bnmunlzed with the emirislf led sotutl(»i, and tiie antiserum obtained 
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from th© Immunized animal was used In the following RIA. 

RIAfCM-the peptides [^52]NH2> [40-52]NH2, 146*52JNH2, [45-52], I47-S2JHH2, 147^52]. ii-12};and CGRP, 

CGRP-II and amylin were conducted in the same manner as reported with regard to p-neo-endorphln by Kita- 

mura et aL, Biochem. Biophys* Res. Ck^mmunM 109, 966-974 (1982). 
5 Specifically, a reaction mixture consisting of 1O0 ^[ of one of the peptides in a known concentration, 50 

yd of the antiserum obtained in the above-mentioned mannerat a dilution of 1:180,000, and 50 |il of ^^sj^iabeled 

ligand (18,000 cpm) prepared by the Boltorv-Hunter method (A. E, Bolton and W. (A Hunter, ^ochemlcat J. 

(1973) 133p 529-539) was incubated for 24 hours. Then, the bound ligand was separated from the unbound 

figand by the polyethylene glycol method. The radioactivity of the obtained pellet was counted with a gamma 
10 ooimter (ARC-600, Aloka), and the assay was performed m duplicate at a temperature of 4*^0, 

A standard curve was plotted from the results. Half maximal inhibition of mdbiodlnated ligand binding to 

the peptides [13'52]NH2, [40-523NH2, [45-52]NH2 and [47-623NH2 by the peptWe [1-523NH2 was observed at 

11 fmol/tube. 

The results of the above-mentioned RIA revealed that the antiserum had a reactivity against the pep- 
15 tide[40-52]NH2 which Is an antigen, a t^sreacthrily against the peptides [1-52]NH2» I45-52JNH2 and [47- 
S2JNH2 and no wossreactivlty aga^st the peptides 145-52), 147-52] and [1-12], CGRP, CGRP-li and amylin. 

ODistrtbution of adrencHnneduRh In each tissue) 

a? From a human PC, an adren^ me<^!la. a lung, a kidney, a br^n cortex^ an IntesUne and a ventricle, 1.0 
g of tissues were respectively taken out, and belied In a 5-fold volume of water for 10 minutes to inactivate 
Intrinsic protease. After cooling, glacial acetic acid was added to each so as to make the resultant mixture 1 
M, The mbdure was homogenked with a polytron mixer at a temperature of 4*C, Then, the mbcture was cen- 
trif uged at 24,000 x g for 30 minutes, and the supernatant of the thus obtained extract was applied upon a 

25 Sep-Pak C-18 cartridge column (Waters), which had been prevtously equilibrated with a 1 M acetic acid. The 
materials adsorbed on the column were eiuted with 3 ml of 60% acetonitrlle containing 0,1% TFA. Adrenome- 
dullin in the resuitent solution was analyzed by reverse phase HPLC on a TSK ODS 12DA column (4.6 x 150 
nim, Tc^oh) under Bie oondftions descril^d by Ichild et al., Biodiem. Biophys. Res. OcmfiiiHjn. 187, 1687-1593 
(1992). 

30 The presence of adrenomedullin In each of the above-mentioned human tissues was checked by RIA ao- 
comparUed with identtf i<MifSon of the peptide by reverse phase The resists are «^own in T^ie 1 below. 

Table 1: 

Immunoreactive adrenomedullin 
Tissue . ( fmol/mg wet tissue) 



450 
24 
0.16 
0.012 



As shown In Table 1, human PC was found to include abundant adrenomedullin in an amount of 1,900 ± 
450 fmol/mg wet tissue. Adrenomedullin was present m a nonmal adrenal medulla In a large amount of 150 ± 
24 find/rr^ wet tissue. The concentration of adrenomedtrflii in a lung or a kidney was less than 1 % of that In 

50 a normal adrenal medulla. However, the total amount of adrenomedullin In the lung and the kidney was larger 
. than the amount in an adrenal medulla. Although CQRP, which works as a neuropeptide, exists In brain and 
peripheral nerves, adrenom^ullin was not detected in the brain. Further, the previously performed preliminary 
experiment shcftwed that adreriomedtdlin existed In healthy human plasma at a considerable concentration (19 
± 5.4 fmol/ml, n-4). Therefore, adrenomedullin generated in peripheral tissues, the adrenal mediJa, the lung 

ss and the kidney works as a circulating hormone participating in blood pressure control Further, enhanced pro- 
duction of adrenomedullin in human PC is considered relevant to various symptoms in PC patients such as 
ortiios^tic hypotension. 



40 



PC 1,900 ± 

Adrenal medulla 150 ± 

Lung 1*2+ 

Kidney ■ -O-IS ± 

Brain cortex < 0 - 1 

Intestine < 0 • 1 

4$ Ventricle < 0 * 1 
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(Purification and structural analysis of adrencHTtedullin f ran the porcine adrenal meduAa) 
5 (A) Purification of adrenomedullin from the pcH-oine adrenal medulia: 

Porcine adrenomedullin was purified from the porcine adrenal medulla by the same purification method 

as that used for hunan adrenomedullin in Exmple 1 * 

Specifically, the porcine adrenal medulla was finely chopped, boi led in a 1 0-fokJ volume of 1 M acetic acid 
1Q for 1 0 minutes to inactivate Intrinsic protease. The resultant mixture was cooled » and homogenized with a pdy- 

tron mixer at a temperature of 4**C. The obtained suspension was centrlf uged at 22,000 x g for 30 minutes. 

The superr^tant the thus obtained extract was allied upon a Sep-Pak 018 cartridge column (20 mt, Wa-^ 

ters). The materfafs adsorbed on tlie column were ehjied with 60% CHaON containing 0,1% TFA. The obtained 

eiuate was evaporated. The resultant solution was used as a crude peptide extract in the succeeding RIAcon- 
16 ducted as in Example 3. As described in Example 3, this RIA has been established as an RIA system utlfelng 

a pe|tfldet1-12J derived from human adrenomedullin. 

The crude peptide extract was separated by gel filtration clffomato^aphy (Sephadex G-50, F&ie, 3 x 150 

cm). One major Immunoreactive <!r)-adrenomedul!ln was observed in the molecular we^ht of 6,000 to 6,000. 

The peptides in this fraction were further separated by CM Ion exchange HPUC on a TSK CM-2SW column 
20 {8.0 X 30D mm, Tosoh). One major immunoreactive adrenomedullin was observed at the same position as that 

<rf human a(^enc»nedullln. THis fraction was f InaHy purified by reverse phase HPLC on a phenyl cdumn (4.6 

X 250 mm, Vydac). The elutiori profiles of the absorbance ait 21 0 nm and ir-adiencmiiedullin were In exact a^ee- 

ment with those of human adrenomedullin* 

25 (B) Structural analysts Of porcine adrenomedullin: 

A hundred pmol of the porcine adrenomedullin obtained In item (A) was reduced and S-carboxymethylated 
(ROM) by the method described by Kangawa et al.. Biochem. Biophys. Res, Commun., 118, 131-139 (1984). 
The obtained RCM-adrenomeckrilin was piffif led by reverse phase HPLC, The purified ROM-adrenomedullin 

$0 was subjected to a gas phase sequencer (Model, 470A/120A, Applied Blosystems), and the amffio add se- 
quence was detenmined up to the 37th residue. Separately, 1 00 pmol of pordne adrenomedulffn was dige^d 
In 0.1 U NH4HCO3 containing aoi % Triton at a temperature of ST'^C with 500 ng of trypsin or chymotrypsin, 
theiBby producing two peptide fragments. Each of the peptide fragments was separated by reverse phase 
HPLC on a Chemoosorb 3 ODS H seml-mlcro cdumn (2,1 x 75 mm, phemco* O^aka, Japan). Each fragment 

35 was sequenced by using a gas phase sequencer (Model 470A/120A, Applied Biosystems), thereby defemtlrdng 
the entire amino acid sequence of pordne adrenomedullin* Porcine adrenomedullin consisted of 52 amino adds 
and had an intramolecu^ disulfide bond. Tyr at the C-terminus was amidated. 

The amino add sequence of porcine adrenomedullin was tdenl^odl to that of human adrenomeduilln exce[>t 
that asparagine In the 40 position of human adrenomedullin was reptaced with glyosie in pordne adreriome- 

40 ddlln* 

(Cloning of pordne adrenomedullin cDNA) 
(A) Synthesis of a primer 

46 

Based on the amino acid sequence of porcine adrenomedullin obtained in the above-mentioned manner, 
a DNAol'^omer was ^nthedzed. By tie pdymerase diain reaction (PCR) (Saikl, R. K. et Science, 239, 
487-494 (1988)) by usii^ the digomer as a (Himer, a prote for screening of a cDI4A library described below 
was produced. 

BO The DNA digomer to be used in PCR was designed and produced as follows. A mbced DMA oligomer cov- 
ering the entire DNA sequences which can encode a certain region in a determined amino add sequence can 
be designed by using various codons each corresponding to an amino acid residue. Practically, codons pref- 
erentially used in mammals were mainly used to synthesize DNA oligomers I and 11 (shown respectively in SEQ 
ID Nos. 3 and 4), and a DNA oligomer 111 (shown in SEQ ID No. 5), on the basis of the detennlned amino acids 

56 ^ and 36-41, respectively. The DNA digomer 111 was based on the base sequence of the oomplementary 
chain of a gene encoding adrenomedullin. The DNA oligomers were chemically synthesized with a nucleic acid 
synthesizer (Pharmada LKB Gene Assembler Plus, DNA Synthesizer) because they were short chain oligo- 
mers. 
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(B) Preparation of a template sample for PGR: 

8fnoe the results of the test for the r»'esence of human adrenomedullin m each lium^ tissue indicated 
that abundant adrenomedullin existed In the adrenal medulla, an adrenaf medulla was considered suitable as 

s a mafcertal for gene cloning. 

RNA was e>ctracted from a porcine adrenal medulla by the guanidlne thrcoyanate method (Chomczynsid, 
P. et al., AnaL Biochem., 162, 156-159 (1987)). Poly(A) *RNA was isdafBd on an oligo(di>oeaulose column 
(Pharmacia). Doubfe-stranded cDNA was produced from 6 jig of porcine adrenal medulla po!y(ArRNA by the 
Gubfer and Hoffman method. The double-stranded cDNA was ligated to an EcoRI adaptor, and size- 

10 fractionated on a Sephacryl S-300 column to obtain a fraction which was expected to contain the desired adre- 
nomedullin. The obtained fraction was pfaced In X gtl 0 arms (Bethesda Research Laboratory) so as to be pack- 
aged in ^^tro, thereby producmg a cDNAf^rary. 

(C) Ampltf tcation and isolation of porcine adrenomedullin cDNA by PGR: 

15 

By using a combination of the DNA oligomers I and III or a combination of the DMA oligomers U and IN, 
which were obtained as described in item (A), an adrenomedullin cDNA fragment was amplified from ttie dDNA 
library obtained in Item {B)* In this PGR, AmpllTaq DNA polymerase available from Perkfn Elmer Cetus, U.SA., 
was used as an enzyme, and the composition of the used reaction solution was in accordance with their in- 
20 stru ctfons. A thermal cycler O^erkin Bmer Cetus) was used as an arr^Nf ying device, and for an^ilf Ication, a 
cycle of one minute at 94'*G and one minute at ZT^'O was repeated 15 times and another cycle of 60 seconds 
at 94'*C, 50 seconds at 4B**C and one minute at 72''C was repeated 15 times. , . 

The amplified cDNA fragment was labeled by the random primed method, and was used fo probe the p(r- 
c^e adrenal medulla cDNA library by in situ plaque hybridizaticHi. 

26 

(D) Sequencing porcine adrenaneduliin cDMA; 

A positive done obtained by the plaque hybrktization was pt$que purified, and cDNAwas taken out to pro- 
vide a recombinant BlueScript plasmid. Adpne including the longest cDNA insert was used for sequencing, A 
30 restriction fragment generated from the cDNA Insert by digesting with an appropriate restriction endonuclease 
such as Sm^i, Nael and Rsai was resubcloned Into BlueSciipt piasmld, and sequericed by the dy^rimer cyde 
sequendi^ method with an automated DNA sequencer (373A> Applied Biosy^ems). 

The tlHis obtained entire dec^ence d'the pordne adrenomedirilin cDNAIs ^bwn in SEQ ID No. 2 together 
Willi Its arnino acid sequence. 

(Cloning of human adrmomedullln cDNA) 

40 Human adrenomedullin cDN A was cloned using the same method as used In Example 4 by using the por- 
cine adrenomeduHin cDNA fragment obtained in Item (C) of Example 4. 

(A) Preparation of the cDNA library: 

4$ RNA was e^dracted from human PC by the guanidlne thiopyanate method (Chomczyn^v a!*, Anal* 
Blochem., 162, 156-159 <1987)). Poly(Af RNA was isolated on an oligo(dT)-celltidose colunui (Pharmacia). 
Double-stranded cDNAwas produced from the po!y(Af RMAby the Gubler and Hoffman method. The double- 
stranded cDNA was Ugated to an EcoRI adaptor, and size-fractionated on a Sephacryl S-3p0 column (Phar- 
mada) to obtain a f radion which was expected to contain the desred adrehomedLdlin* The obtakted fractlCHi 

50 was placed in X gt10 arms (Bethesda Research Laboratory) so as to be packaged In vitro, thereby produdng 
a cDNA library. 

(B) Sequencing of human adrenomedullin cDNA: 

55 Human adrenomedullin cDNA was sequenced as follows. 

The cDNA library obtained as above was screened by hybridization by using, es a probe, the porcine adre- 
nomedull^ cCMsIA fragment detained m Item (C) of Exanr^lis 4. 

A positive done obtained by the plaque hybridization was purif i^, and cDNAwas taken out to provide a 
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recombinant BlueScript plastnid* A clone including th^ longest cDNA insert was used for sequenclrig. A restrio- 
tion fragment generated from the cDNA Insert by digesting with an appropriate restriction endonudease such 
as Smal, Nael, Rsal and Sad was resutM^kmed into BlueSaipt fslasinid, arid sequenced by the dy^rimer cycle 
sequencing method or the drdeoxy cyde sequencing method using an aufonD^ed DNA sequencer {373A, Ap- 
5 plied Biosystems)* 

The thus obtained cDNA sequence is shown in SEQ ID No, 1 together with its &n\t\o acid d^uence. 

EHxample6] 

10 {Structural analysts of proAM-N20) 

ProAM-N20 is a portion oorresfM^nding to the N-terminal amino acid sequence of the proadrenomedulHn 
of SEQ ID No. 1 determined in Example More specif leaf ly, proAM-N20 is a peptide |("73)"("54)] correspond- 
ing to the amino adds (-73)-(-64) of SEQ ID No, 1 , A computer search (PRF-SEQDB, Protein Research foun- 
IB dation, Osaka, Japan) found no report on the same peptide sequence, Theriefore, proAM-N20 was confirmed 
to be a novel peptide having a biological activity, 

(Effect of proAM-N20 on catecholamine secretion) 

20 ProAM-N20 was synthesized by the solid phase method with a peptide synthesizer (431 A» Appiied Bio- 

systems), and puf IHed by reverse phase HPLC. 

(A) Cultured bovine adrenal medulla cells (four days old, 4 x 10® cells/dish) were washed wilh a KRP buffer, 
and incubated in 1 ml of a KRP buffer containing proAM-N20 (1 (H M) at a temperature of 37*C for 1 0 minutes. 
A control was Incubated In 1 mi of a KRP buffer alone under the same condition. The ^nounts of catecholanrtine 
26 in the obtained supernatants were measured by HPLG. 

The amount of secieted catecholamine was 1.84 ^4 x 10^ cells (n-2) when proAM-N20 was used, and 
was 2.56 4 X 10® c^is In the control In this nnanner, secretion of catecholamrne was bihibited by proAM- 
N20. 

OB) Bovine ^ch-en^ m^ddla cells were prelncubated In the same manner as above ri 1 mi of a KRP buffer 
30 containtng proAIW-N20 (10~« M) at a temperature of 37^C for 6 to 10 minutes. Then, carbachd (1(H M) was 
added thereto for stimulation, and incubated for 1 0 minutes at a temperature of 37*C- A rantrol was not pre- 
lncubated with proAM"N20 but was stimulated by carbachd. The gmnount of secreted catecholamine In the ob- 
tained supernatant was measured by HPLC. 

The anwjunt of secreted <^e<^oiamine was 14.36 |ig/4 x 1 0« cells {n^) In the control, whereas 11 .31 |ig/4 
35 X 10* cells when a 5 minute incubation was performed by using proAM-N20, and 9.19 jjtg/4 x 10* cells when a 
10 minute incubation was performed by using proAM-N20* In this manner, oatechoiamlne secretion stimulated 
by carbachof was inhibited by pretreatment with pn)AM-N20. 

[Example 7] 

40 

(RIA method utilizing praALM-N20 and Its fragment) 

A peptide f(..73)-(-54)]NH2T a peptide |sj-Tyr-I(-73)-(-64)]NH2 which ts a peptide K-73)-{-54)|NH2 having Tyr . 
at its N-temfiinus, a peptide [(-65)-(-54)llMH2, a peptide I(-61)-(-64)]NH2, and a peptide [(r58)-(-64)]NH2 were 

45 synthesized by the solid phase method with a peptide synthesizer (^p)ied Blosystems, 431 A), using phenoxy 
resfn, and purified by reverse phase HPLC. 

Ten mig of the peptide K-73)-("64)lNH2 and 20 rr^ of bovine thyroglobulin w^e allowed to oonjus^te to each 
other by a carbodiimide method (Goodfn'end et at., Science, 144, 1344-1346 (1964))- The obtelned reaction 
mbdture was dfalyzed four times against 1 L of a saline and twice against 50 mM of sodium phosphate buffer 

50 (pH 7^)/D.08 M NaO* The dfaiysate was ^mdstf led with an ecrual votume of complete Freund's adjuvant, and 
the resultant w^s used for immunization of New Zealand white male rabbits. The antiserum obtained from the 
^ immunized animals was used in the following RIA. The peptide N-Tyr-I(-73)-(-64)}NH2 was labeled by a lacto- 
peroxidase method (KItamura et al., Biochem. Biophys- Res, Commun., 161, 34B-352 (1989)). The ^25i»|abeled 
peptide was purified by reverse phase HPLC using a TSK ODS 120A column (Tosoh) to use as a tracer. 

55 Specif lcally» 100 jil of the peptide K'^73)"("64)]NH2 In a known ooncentraHon or In an unknown concentrS'- 
tion and 200 \x\ of the antiserum obtained as above at a dilution of 1 :66,500 were mixed to obtain an RIA reaction 
mbdufe. The mixture was incubated for 12 hours. Then. 100 [il of the ■*26|-iabeled ligand (18,000 cpm) was add- 
ed to the mbduie. The resultant reactfon mixture was incubated for 24 hours. Then, 100 |J of antl-rabl:Mt IgG 
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goat serum was added to the mixture. The resultant mixture was incubated for another 24 hours and centrff- 
uged for 30 minutes at 2,000 x g. The radioactivity of the obtained pellet was coujited with the ganima counter 
{ARO600. Aloka), and the assay was performed in duplicate at a temperature of 4**C. A standard curve was 
obtained from the values thus obtained. Haff maximal inhll^tion<rfiBdfoiodlnated ligand binding by the peptide 
|(-73>(-54)]N H2 was observed at 1 0 fmol/tube* 

The results of the above-rnentioned RiA revealed that the antiserum had a reactivity against the peptide[(- 
73)-{-64)]NH2 which is an antigen, a crossreactlvtty agalhst the peptides I<-66)-f64)]NI^ and I<-61)-f 64)]NH2 
and no crossreactivity against the peptide [t68)-(-54)]NH2. Thus, the peptides K-73)"(-'54)]NH2. K-66)''(- 
64)3NH2, and [(-61>(^54)]NH2 were found to be useful in the production of an antibody against proAM-N20. 

(Distribution of proAM-N20 in each tissue) 

From a human PC, an adrenal medulla, a heart {right atrlum» left atrium, right ventricle, left ventricle), a 
lung, a kidney, a pancreas, an intestine, a liver, a spleen, and a brain cortex, 1.0 g of tissues were respectively 
taken out, and boiled in a 6-fold vdume <^ water for 10 minutes to inactlvata intrinsic protease. After cooling, 
glacial acetic acid was added to each so as to make the resultant mixture 1 M. The mixture was honiu>genized 
wlUi a poiytfon mbcer at a temperature of 4**G. Then, the mixture was centrif uged at 24,000 x g for 30 mimites, 
and the supernatant of the thus obtained extract was applied upon a Sep-Pak C-1 8 cartridge column (Waters), 
which had been previously equilibrated witii 1 M acettc acid. The materials adsorbed on the column were etuted 
with 4 mi 50% aoetonltrile containing 0.1 % TFA. The Immunc^eactlvfty of prdAM^N20 in the resultant solutbn 
was anaij^ed by gel filtration on a Sephadex G-50 column (Pharmarcla), reverse phas^ HPLC on a TSK ODS 
120A column (4.6 x 150 mm, Tosoh) or Ion exchange HPLC on a TSK CM-2SW column. 

The presence of proAM-N20 In each of the above-mentioned human tissues was checked by RIA accom- 
panied with Identif icatioJi of the peptkie by reverse phase HPLC. The results are shown in Table 2 below- 



Table 2: 



Regional distribution of ir-proAM-N20 in human tissue 



Region 



ir"proAM-N20 ( tmoi/mg ) 



Adrenax meauxia 
Pheochromocytoma 
Heart right atrium 
left atrium 
right ventricle 
left ventricle 

Lung . 

Kidney 

Pancreas 

Small intestine 

Liver 

Spleen 

Brain corten 



13, hi 
12.3 
5.72 
l^ll 



9.82 
1.11 
0.62 
0,1 
0,1 
0.1 
0-1 
0.1 
0.1 
0.1 
0.1 
0.1 



All values are mean ± standard deviation for three to four samples* 

As shown fti Table 2, human acferenal medi^la was found to include abundant proAM-N20 at an amount of 
13.8 ± 7,93 Imol/mg wet tissue. The atrium was also found to include abundant proAM-N20. A smalt amotmt 
of proAM-N20 was detected in the ventricle* lung, kidney, pancreas, intestine, liver, spleen, and brain cortex. 
Tlie amount of proAMrN20 in 1 mg wet tissue of the right atrium was about 5 times that of the left atrium. How- 
ever, the total amount of proAM-N20 in the ventricles was smaller than the amount in the atriums. The distrib- 
ution of proAM-N20 was v^y similar to that of adrenomeduKin. proM<-N20 was Included in a precursor of acftre- 
nomedullln together with adrenomedulHn. There is a possibility that proAM"N20 fs also related to the regulation 
of the circulating system, as In adrenomeduHIn, OGRP, BNP, ANP which Is localized in the ventricles. 

The concentration erf prQAM-N20 of the human adrenal medulla was 1 2,3 + 9. 82 fmol/mg wet tissue. How- 
ever, the variation of values in each sample Is large, which Is considered to be dependent upon the degree of 
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differentiation of a turrior oelf generating proAM-N20, . . 

[Examples] 

(Effect of proAM-N(1 0-20) on Na chan nel) 

ProAM"N(10-2b) ts a portion corresponding to the amino acid N-terniina! sequence of proadrenomedullin 
In SEQ ID No. 1 determined in ExamjHe 5. More sp^dfically, It is a peptide l(-my{S4)] oonresponding to the 
amino acids <-64)-(-54) of SEQ ID No. 1. ProAM-N(10^20) was synthesized by the solid phase nnietliod with a 
peptide synthesizer (431 A, Applied Biosystems), and purified by reverse phase HPLC. 

Cultured bovine adrenal medulla cells (four days old, 4 x 1 0^ cells/dish) were washed with a KRP buffer, 
and preincubated in 1 ml of a KRP buffer containing proAIW-N(10-20) {1p-« M) or 1 ml of a KRP buffer containing 
proAM"N20 (1 0-6 lA) at a temperature of 37*C for 6 to 1 0 minutes. Then, carbachol (300 jiM) was added thereto 
for stimulation, and incubated for 2 minutes at a temperature of 37^C. The amount of ma which flowed into 
the cdls was measured in each sample* A control was not subjected to the preincubation, and was only stimu- 
latedbycarbachot. 

The amount oi^Ha was 99.8 nmol/dish (n-2) in the control, whereas It was 29.1 mnol/dlsh (n=^) when 
proAM-N(10-2D) was used, and was 70.5 nmbl/dish (n^2) when proAM^N20 vras used. In this ranner, «ieflow 
of 22|Ma fnto ceiis was inhibited by proAM-N(10-20) by 70% ^nd proAM-N20 by 30%. 

Various other modifications wtll be apparent to and can be readily made by those skilled In the art vwthout 
departing f ran the scope and spirit of this inverttkm. Accordingly, ft Is not Intended that the scope of the claims 
appended hereto be Ifenfted to the descr^tlM as set forth herein, but rather that the claims be broadly con- 
strued. 
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^ [Sequeno© Listing] 

{IX INFORMATION FOE SEQ ID NO: 1 

(i) SEQUENCE CHARACTERISTICS 
LENGTH t 1457 
TYPE: nucleic acid 
STRANDEDNESS; double 
^5 TOPOLOOT : linear 

(il) MOLECULE TYPE: CDNA to mRNA 

.20 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: human 

(ijc) FEATURE 
2^ (A) NAME/KEY: CDS 

(B) LOCATION: 165 to 719 

(C) IDENTIFICATION METHOD: by similarity with known sequence or to 

an established consensus 



$0 



35 



40 



4S 



80 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

G6CACGAGCT GGATAGAACA GCTCAAGCCT TGCCACTTCG GOCTTCTCAC TGCAGCTGGG 60 
CTTGGACTTC GGAGTTTTGC CATTGCCAGT GGGACGTCTG AGACTTTC*C CTTCAAGTAC 120 
TTGGCAGATC ACTCTCTTAG CAGGGTCTGC GCTTCGCAGC CGGG ATG AAG CTG GTT 176 

Met Lys Leu Val 

TCC GTC GCC CTG ATG TAC CTG GOT TCG CTC GCC TTC CTA GGC OCT GAC 224 
Ser Val Ala Leu Met Tyr Leu Gly Ser Leu Ala Phe Leu Gly Ala Asp 
-.90 "85 -80 -75 
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10 



IB 



25 



ACC GCT CGG TTG GAT GTC GCG TCG GAG TTT CGA AAG AAG TGG AAT AAG 272 
Thr Ala Arg Leu Asp Val Ala Ser Glu Phe Arg Lys Lys Trp Asn Lys 

»70 "65 -60 

TGG GCT CTG AGT CGT GGG AAG AGG GAA CTG CGG ATG TOO AGC AGO TAG 320 
Trp Ala Leu Ser Arg GLy Lys Arg Glu Leu Arg Met Ser Ser Ser Tyr 

CCC ACC GGG CTC GCT GAG GTG AAG GCC GGG OCT GCC CAG ACC CTT ATT 368 
Pro Thr Gly Leu Ala Asp Val Lys Ala Gly Pro Ala Gin Thr Leu lie 

-40 -:35 . , -30 

CGG CCC CAG GAC ATG AAG GGT GCC TCP CGA AGC CCC <3AA GAG AGC AGT 416 
Arg Pro Gin Asp Met Lys Gly Ala Ser Arg Ser Pro Glu A^p Ser Ser 
^ -25 -20 -15 

CCG GAT GCC GCC CGC ATC CGA GTc' AAG CGC TAC CGC CAG AGC ATG AAC 464 
Vj:o Asp Ala Ala Arg lie Arg Vai Lys Arg Tyr Arg Gin Ser Met Asn 
-10 -5 1 5 

AAC TTC CAG GGC' CTC CGG AGC TTT GGC TGG CGC TTC GGG ACG TGC ACG 512 
Asn Phe Om Gly Leu Arg Ser Phe Gly Cys Arg Phe Gly Thr Cye Thr 

10 , 15 '20 

GTG GAG AAG CTG GCA CAC CAG ATC TAC CAG TTC ACA GAT AAG GAC AAG 
Val Gin Lys Leu Ala His Girt He Tyr Gin Phe Thr Asp Lys Asp Lys 

25 30 35 

GAC AAC GTC GCC CCC AGG AGC AAG ATC AGC CCC CAG GGC TAC GGC CGC 
Asp Asn val Ala Pro Arg Ser Lys lie Ser Pro Gin Gly Tyr Gly Arg 
40 45 50 

^ CGG CGC CGG CGC TCC CTG CCC GAG GCC GGC CCG GGT CGG ACT CTG GTG 

Arg Arg Arg Arg Ser Leu Pro . Glu Ala" Gly Pro Gly Arg Thr Leu Val 
55 60 65 . 70 

TCT TC.T AAG CCA CAA GCA CAC GGG GCT CCA GCC CCC CCG AGT GGA AGT 
40. Ser Ser Lys Pro Gin Ala Hie Gly Ala Pro Ala Pro Pro Ser Gly Sex 

75 80 85 

GCT CCC CAC TTT CTT TAGGATTTAG GOSCCCATGG TACAAGGAAT AGTCGCGCAA 759 
Ala Pro His Phe Leu 
90 



30 



45 
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608 



656. 



704 



55 
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GCATCCCGCT GOTGCC^CCC GGGACGAAGG ACTTCCCGAG CGGTGTGGGG ACCGGGCtCT 819 

GACAGCCCTG CGGAGACCCT GAGTCCGGGA GGCACCGTCC GGCGGCGAGC TCTGGCTTTG 879 

CAAGGGCCCC TCCTTGT6GG GGCTTCGCTT CCTTAGCCTT GCTCAGGTGC ^G'TGCCCCA .939 

GGGGGCGCGG TGCAGAAGAA TCCGAGTGTT TGCCAGGCTT AAGGAGAGGA GAAACTGAGA 999 

AATGAATGCT GAGACCCCCG GAGCAGGGGT CTGA6CCACA GCCGTGCTCG CCCACAAACT 1059 

GATTTCTCAC GGCGTGTCAC CCCACCAGGG CGCAAGCCTC ACTATTACTT GAACTTTOCA 1119 

AAACCTAAAG AGGAAAAGTG CAATGCGTGT TGTACATACA GAGGTAACTA TCAATATTTA 1179 

AGTTTGTTGC TGTCAAGATT TTTTTTGTAA CTTCAAATAT AGAGATATTT TTGTACGTTA 1239 

TATACTGTAT TAAGGGCATT TTAAAAGCAA TTATATTGTC CTCCCCTATT TTAAGACGTO 1299 . 

AATGTCTCAG CGAGGTGTAA AGTTGTTCGC CGCGTGGAAT GTGAGTOTGT TTGTGTGCAT 1359 

GAAW3AGAAA GACTGATTAC CTCCTGTGTG GAAGAAGGAA ACACCGAGTC TCTGTATAAT 1419 

CTATTTACAT AAAATGGGTG ATATGCGAAC AGCAAACC 1457 

(2) INFORMATION FOR SEQ ID KO: 2 

(i) SEQUENCE CHARACTERISTICS 
LENGTH: 1493 
TYPE: ■ nucleic acid 
STRANDEDMESS: double 
- TOPOLOGYt linear 

<ii) MOLECULE TYPE: cDNA to inRNA 

(vi) ORIGINAL SOURCE: 
(A) ORGANISM: pig 

(ix) FEATURE 

(A) NAME/KEY: CDS 

(B) LOCATION: 148 tp 711 . 

(C) IDENTIFICATION METHOD: by similarity, with known sequence or to 

an established consensus 
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(k1) sequence DESCRXPflOW: SEQ ID NO: 2: 

10 GCGGAACAOC TCGA^CCTTG CCACCTCTAG TTTCTTACCA CAGCTTGGAC GTCGGG6TTT 60 

TGCCACTGCC AGA6GGACGT CTCAGACTTC ATCTTCCCAA ATCTTGGCAG ATCACCCCCT 120 

TAGCAGGGTC TGCACATCTC AGCCGGG ATG AAG CTG GTT CCC GTA GCC CTC ATG 174 

Met Lys Leu Val. Pro Vai Ala Leu Met: 
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^90 












TAC CTG GGC TC<5 CTC 


GCC 


TTC 


CTG 


GGC 


OCT 


GAC 


ACA 


OCT 


CGG 


CTC 


GAC 


222 




Tyr Leu Gly Ser 


Leu 


Ala 


Phe 


Leu 


Gly 


Ala 


Asp 


Thr 


Ala 


Arg 


Leu 


Asp 






-85 
















-75 










"70 
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GTC GCG GCA 


GAG 


TTC 


CGA 


AAG 


AAA 


TGG 


AAT 


AAG 


TGG 


GCT 


CTA 


AGT 


CGT 


270 


Val Ala Ala 


Glu 


Phe 

-.65 


Arg 




Lys 


Trp 


Asn 
-60 


Lys 


Trp 


Ala 


Leu 


Ser 
-55 


Arg 






GGA AAA AGA 


GAA 


CTT 


CGG 


CTG 


TCC 


AGC 


AGC 


TAC 


CCC 


ACC 


GGG 


ATC 


qcc 


31B 




Oly Lys Arg 


Glu 


Leu 


Arg 


Leu 


Bex 


Ser 


Ser 


Tyr 


Pro 


Thr 


Gly 


He 


Ala 




25 




--50 










-45 










-40 










GAC TTG AAG 


GCC 


GGG 


CCT 


GCC 


CAG 


ACT 


GTC 


ATT 


CGG 


CCC 


CAG 


GAT 


GTG 


366 




Asp Leu Lys 


Ala 


GXy 


Pro 


Ala 


Gin 


Thr 


Val 


He Arg 


Pro 


Gin 


Asp 


Val 






-•35 










-30 










-25 










30 


AAG GGC TCC 


TCT 


CGC 


AGC 


CCC 


CAG 


GCC 


AGC 


ATT 


CCG 


GAT 


GCA 


GCC 


CGC 


414 




Lys Gly Ser 


Ser 


Arg 


Ser 


Pro 


Gin 


Ala 


Ser 


lie 


Pro 


Asp 


Ala 


Ala 


Arg 






-20 








-15 










-10 














ATC CGA GTC 


AAG 


CGC 


TAC 


CGC 


CAG 


AGT 


ATG 


AAC 


AAC 


TTC 


CAG 


GGC 


CTG 


462 


35 


tie Arg Val 


Lys Arg Tyr 


Arg 


Gin 


Ser 


Met 


Asn 


Asn 


Phe 


om 


Gly 


Leu 






-5 






1 






5 ■ 










10 








CG6 AGC TTC 


GGC 


TGT 


CGC 


TTT 


C^G 


ACG 


TGC 


ACC 


GTG 


CAG 


AAG 


CTG 


GCG 


510 




Arg Ser Phe Gly Cys Arg 


Phe Gly 


Thr 


Cys 


Thr 


Val 


Gin 


Lys 


Leu 


Ala 




40 




X5 










20 










25 










CAC GAG ATC 


TAC 


CAG 


TTC 


ACG 


GAC 


AAA 


GAC 


AAG 


GAC 


GGC 


GTC 


GCC 


CCC 


558 




His Gin tie 'Tyr Gin 


Phe 


Thr 


AS£} 


Lys 


Asp 


Lys 


Asp 


Gly 


Val 


Ala 


P3X> 






30 










35 










40 











46 
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COG AGC AAG ATC AGC CCC CAG GGC TAC . GGC CGC CGG CGC CGA CGC TCT 606 
Arg Ser Lys He Ser Pxo Gin Gly Tyr Gly Arg Arg Arg Arg Arg Ser 

45 50 S5 

CTG CCC GAA GGC AGC CTG GGC CGG ACT CTG AGG TCC CAG GAG CCA CAG 654 
Leu Pro Glu Ala Ser Leu Gly Arg Thr Leu Arg S^r Gin Glu Pro Gin 
60 65 70 7S 

GCG CAC GGG GCC COG GCC TCC COG GCG CAT CAA GTG CTC GCC ACT CTC 
Ala His Gly Ala Pro Ala Ser Pro Ala His Gla Val Leu Ala Thr Leu 
IS 3Q 85 90 

TTT AQO ATT TAGGCGCCTA CTGTOGCAGC AGCGAACAGT CGCGCATGCA 
Phe Arg He 



30 



36 



40 



4S 



(3) INFORMATION FOR SEQ ID NO: 3 

{i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 23 bsse pairs 

(B) TYPE: nucleic acid , 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 



702 



751 



^ TCATGCCGGC GCTTCCTGGG GCGGGGGGCT TCCCGGAGCC GAGCCCCTCA GCGGCTGGGG 811 

CCCGGGCAGA 6ACAGCATTG AGAGACCGAG AGTCCGGGAG GCACAGACCA GCGGCGAGCC 871 

CTGCATTTTC AGGAACCCGT CCTGCTTG6A 6GCAGTGTTC TCTTCGGCTT AATCCAGCCC 931 

GGGTCCCCGG GTGGGGGTGG AGGGTGCAGA GGAATCCAAA GGAGTGTCAT CTGCCAGGCT 991 

25 CACGGAGAGG AGAAACTGCG AAGTAAATGC TTAGACCCCC AGGGGCAAGG GTCTGAGCCA lOSl' 

CT6CCGTGCC 6CCCACAAAC TGATTTCTGA AGGGGAATAA CCCCAACAGG GCGCAAGCCT 1111 

CACTATTACT TGAACTTTCC AAAACCTAGA GAGGAAAAGT GCAATGTATG TTGTATATAA .1171 

AGAGGTAACT ATGAATATTT AAGTTTGTTG CTGTCAAGAT TTTTTTTTGT AACTTCAAAT 1231 

ATAGAGATAT TTTTGTACGT TATATATTGT ATTAAGGGCA 'TTTTAAAACA ATTGTATTGT 1291 

TCCCCTCCCC TCTATTTTAA TATGTGAATG TCTCAGCGAG GTGTAACATT GTTTGCTGCG 1351 

CGAAATGTGA GAGTGTGTGT GTGTGTGTGC GTGAAAGAGA GTCT6GATGC CTCTTGGGGA 1411 

AGAAGAAAAC ACCATATCTG TATAATCTAT TTACATAAAA TGGGTGATAT GCGAAGTAGC 1471 
AAACCJU^TAA ACTGTCTCAA TG 



1493 
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(ii) MOI^CULE TYPE: Other nucleic acid 

Synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID No: 3: 

CARTCKATGA AYJ^AYTTYCA EGG 

(4) INFORMATION FOR SEQ ID NO: 4 

( i ) SEQUEJ4CE CHARACTERISTICS 

(A) r^HNGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

Synthetic DNA 

(x±) sequence' DESCRIPTION: SEQ ID No: 4: 

CARAGfYATGA AYAAYTTYCA RGG 

(5) INFORMATION FOR SEQ ID NO: 5 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

' Synthetic DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID No: 5: 
ACNOCaiTCYT TRTCYTTRTC 
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Claims 

1- A peptide having a hypotensive effect comprising an amino acid sequence from Ser in the 13 position to 
Tyr in the 52 position of SEQ ID No, 1, 

2. A peptide according to claim 1 comprrsing an amino acid sequence from Tyr in the 1 position to Tyr In the 
52 position of SEQ ID No. 1 . 

3, A peptide according to c^im 1 comprising an ^Ino acid sequence from Ala in the -73 |K)sitk»i to Tyr in 
the 52 position of &EQ ID No. 1 . 

4* A peptide according to claim 1 consistHig of an amino acid sequence from Sar in tiie 13 position to Tyr in 
the 52 position of SEQ ID No, 1, 

5. A peptide according to claim 2 consisting of an amino add sequence from Tyr in the 1 position to Tyr in 
the 52 pc^Hf on of SEQ ID No. 1 . 

6. A peptide according to claim 3 consisting of an amino acid sequence from Ala in the -73 position to Tyr 
in the 52 posltbn SEQ ID No. 1* 

I. A peptide according to any of claims 1 tNrough 6, wherein ^e carboxy tenmlns^ thereof is amtdaled. 

g; A peptide according to any of dafms 1 through 6, vrfierein Gly is att^hed to the carboxy terminus tii^eof . 

9. A peptide according to claim 1 comprising an amino acid sequence from Met in the -94 posKlon to Leu In 
the 91 position of SEQ ID No. 1 , 

1 0. A peptide acoofding to any of dafms 1 through 8, whcH^in Cys In the 1 6 posiUon and Cys in the 21 position 
of SEQ ID No. 1 are linked by a disulfide bond. 

II. A peptide according to daim 10, wherebi the disulfide bond is subsUtuted wlSi a -CH2-OHr \>on± 

12. A peptide comprising an amino acid sequence from Gin in the 3 posltton to Arg in the 12 position of SEQ 
ID No. 1, the peptide generating an antibody recognizing the amino add sequence of claim 2. 

13- A peptide according to claim 12 comprising an amino add sequence from Tyr ai the 1 posltori to Arg in 
the 12 position of SEQ ID No. 1. 

14. A peptide comprising an amino acid sequence from Be in the 47 position to Tyr in the 52 position of SEQ 
ID Na 1 , the peptide generating an antibody recognizing the amino acid sequence of claim 1 or 2* 

15. A peptide according to dalm 14 cmtprising an ambio acid sequence from Ser In the 45 position to Tyr in 
the 52 position of SEQ ID No. 1. 

1 6. A peptide according to claim 14 comprising an amino add sequence from Aiai in the 40 position to Tir in 
the 52 position of SEQ ID No. 1. 

17. A peptide accordlrig to any of dalms 14 through 16, wherein tiie carboxy temilnal thereof Is emiidated. 

1 8. A peptide having a Na channel inhibitory effect compiling an amino add sequence irom Arg In the -64 
position to Arg In the -64 position of SEQ ID No, 1. 

19. A peptide having a catecholamine secretion inhibitory effect coirq>rising an amino add sequence from 
Ala In the -73 position to Arg In the -54 position of SEQ ID No. 1. 

20. A peptide according to claim 18 or 19, wherein the carboxyl terminus thereof Is amidated. 

21 A peptide accotding to claim 18 or 19* wherein Gly rs attached to the carboxyl terminus thereof 

22. A peptide comprising an amino acid sequence from Trp in the -61 position to Arg In the -54 posMcm of 
SEQ ID No. 1, the peptide generating an antibody recognizing the amino acid sequence of daim 19, 

25 
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23* A peptide according to claim 22 oomprislng an amino acid sequence from Phe in the -66 position to Arg 
in the -54 position of SEQ fD No. 1 . 

24. A peptide according to dalm 22 or 23, wherein the carboxy terminal thereof Is amidated. 

25. A peptide according to any of claims 1 through 24, wherein at least one of the amino acid sequences form- 
. ing the peptlck» is labeled. 

26. Apeptlde according to any of c^ms 1 throi^h 24 further compHsing Tyr labeled wfth a iadk)acf3ve isotope, 
the Tyr being attached to the peptide. 

27* A DNA sequence encoding any of the peptides of claims 1 through 24. 

28. A DNA sequence according to datm 27 comprisbig a base sequence from A 'm the 483 po^tton to C In 
the 602 positon of SEQ ID No. 1 . 

29. A DNA sequence according to claim 27 comprisbig a l^se sequence from A in the 483 position to C in 
the 605 position of SEQ ID No. 1 

30. A DNA sequence according to claim 27 comprising a base sequence from T In the 447 position to C In 
so the 602 pdsiaon of SEQ ID No. 1 , 

31* A DNA sequence according to claim 27 comprising a base sequence from T ih the 447 position to C in 
the 605 poslgon of SEQ ID Na 1 . 
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32. A DNA sequence aocoitling to claim 27 comprising a base sequence from G in the 228 position to C in 
the 602 posl^on of SEQ ID No. 1 * 

33. A DNA sequence according to claim 27 comprising a ba^ sequence from G In the 228 position to C In 
the 605 position of SEQ ID No. 1 . 

^0 34- A DNA sequence according to claim 27 con^rising a base sequence from A in the 1 65 position to T in the 
719pbslt»onafSEQIDNo.1. 

35. A DNA sequence according b dalm 27 comprising a b&^B sec^ence from C In 3ie 255 position to T in 
the 287 positbn of ^Q ID No. 1 . 

35 

36. A DNA sequence according to claim 27 comprising a base sequence from C.ln the 256 pc^ftion to G In 
the 290 portion of SEQ ID No. 1 . 

37. A DNA sequence according to claim 27 comprising a b^ sequence from G in the 228 posKlon to T in 
^ the 287 position of SEQ ID No. 1 . 

, 38. A DNA sequence accorcSng to claim 27 comprising a base sequence from 6 in the 228 position to 6 in 
the 2^ position of SEQ ID No, 1 . 

39. A DNA sequence according to dalm 27 comprising a base sequence from T in the 264 position to T in 
^ the 287 position ofSEQ ID No. 1, 

40. A DNA sequence according to claim 27 comprising a base sequence from T in the 252 position lo T in 
the 287 position of SEQ ID No. 1. 

50 41* An expression ^«ctor having any oftheDNAsequenoesofdalms 27 throt^h 40. 

42. A transformant obtained by introdudng the expression vector of dalm 41 Into a host 



55 



43. A pioducClon method for any of the peptides of claims 1 through 17 comiM-lstng the steps oft 
culturing thd transf om^nt of dalm 42 in a medium; 
cottecting the generated peptide frcrni the medium. 

44* A production method acoofding to claim 43 further comprising a step of amidating the carboxyi terminus 

26 
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of the collected peptide. 

45. An antibody recognizing any of the peptides of claims 1 through 26/ 

46. An antibody according to claim 45 recognizing a pc»tfon included in an amino acid sequence from Tyr in 
the i ppsltbn to Arg In the 12 position of SEQ ID ^fo. 1 . 

47. An anti)0dy according to claim 45 recognizing a portion included in an amino acid sequence from Gin in 
the 3 position to Arg In the 12 posftlon of SEQ ID No. 1 . 

4ft. An antibody according to claim 45 recognizing a porliOR included \n an amino acid sequence from He in 
the 47 position to Tyr in the 62 position of SEQ ID No. 1. 

4$. An antibody according to claim 45 recognizing a portion included in an amino acid i^uence from Ser in 
the 46 position to Tyr In the 52 position of SEQ ID No. 1. 

50. An antibody according to claim 45 recognizing a portion induded In an amino acid sequence from Asn rn 
the 40 position to Tyr rn the 52 position of SEQ ID No. 1. 

51. An antibody according to daim 45 recognizing a portion included in an amino acid seqMence from Trp in 
20 the -61 position to Ang In the -^4 position of SEQ ID No. 1. 

52. An antibody according to claim 45 recognizing a portion included in an amino acid sequence from Phe in 
the -65 position to Arg In the -54 position of SEQ ID No. 1. 
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53. An antibody according to any of claims 48 throi^h 52, vi^reln a cart>oxy graup at ttie carboxyl terminus 
of the amino acid sequence Is amidated. 

54. An immunological assay for a peptide comprising the steps of: 
incuba^ng a sample Inc^dlrtg any of the peptides of claims 1 through 26 with any of the antibodies of 
claims 46 through 63 under conditions for forn>kig an antigen-antibody complex; and 
quantifying the antigen-antibody complex. 

55. A vasorelaxant, a vasodilator or a medicament for cardiac failure including any of the peptides of claims 
1 thrcHugh 11 and 18 ttiroi^h 21 as an effective component 

35 56. A Kit fc^ an immunological assay of any of the peptides of daims 1 through 26, including any of the anti- 
bodies of dalms 45 through 53. 

57. A kit accorcflng to daim 56 further Including any of the peptides of daems 1 through 26. 

40 . 
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